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ADVERTISEMENT. 


The scientific publications of the United States National Museum 
consist of two series, the Proceedings and the Bulletins. 

The Proceedings, the first volume of which was issued in 1878, are 
intended primarily as a medium for the publication of original, and 
usually brief, papers based on the collections of the National Museum, 
presenting newly acquired facts in zoology, geology, and anthro- 
pology, including descriptions of new forms of animals, and revisions 
of limited groups. One or two volumes are issued annually and dis- 
tributed to libraries and scientific organizations. A limited number 
of copies of each paper, in pamphlet form, is distributed to specialists 
and others interested in the different subjects as soon as printed. 
The dates of publication are also recorded in the tables of contents 
of the volumes. 

The Bulletins, the first of which was issued in 1875, consist of a 
series of separate publications comprising chiefly monographs of large 
zoological groups and other general systematic treatises (occasionally 
' in several volumes), faunal works, reports of expeditions, and cata- 
logues of type-specimens, special collections, etc. The majority of 
the volumes are octavos, but a quarto size has been adopted in a few 
instances in which large plates were regarded as indispensable. 

Since 1902 a series of octavo volumes containing papers relating to 
the botanical collections of the Museum, and known as the Contribu- 
tions from the National Herbarium, has been published as bulletins. 

The present work forms No. 100, volume 3 of the Bulletin series. 
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STARFISHES OF THE PHILIPPINE SEAS AND 
ADJACENT WATERS. 


By Watrer K. Fisuer, 


Director of the Hopkins Marine Station of Stanford University and Curator 
of Invertebrate Zoology, California Academy of Sciences. 


PREFACE. 


The following report is based upon an extensive collection of sea 
stars made by the United States Fisheries steamer Albatross between 
December, 1907, and December, 1910, in the region of the Philippine 
Islands, Celebes, and Molucca Islands. 

The Philippine cruise of the Albatross was under the supervision 
of Dr. Hugh M. Smith, then deputy commissioner, now commis- 
sioner, of fisheries, to whom I am indebted not only for the privilege 
of describing the starfish material, but also for his constant coopera- 
tion during the progress of the work. 

The Albatross occupied 576 dredging stations, at 224 of which 
starfishes were obtained, in addition to numerous shore stations. 
There is appended to the introduction a list of dredging stations, 
with data, and the species obtained at each station. 

The naturalists of the Albatross deserve credit for the excellent 
preservation of the specimens—a result not always easy to achieve in 
the unfavorable conditions of the Tropics. 

In addition to the Albatross material, two new forms are described 
from the collection of the Museum of Comparative Zoology, and a 
number of specimens have been listed which were collected in the 
Philippines by the late Dr. Edgar A. Mearns, U. S. Army. 

One hundred and ninety species and subspecies of sea stars were 
orought back by the Albatross, which with those just mentioned make 
a total of 192 described or listed in this report. One hundred and 
thirty-four species and subspecies are believed to be new. Most of 
them have been described already in preliminary papers (see Bibliog- 
raphy). A total of 90 species were not met with outside of the 
Philippine Islands and the basin of the Sulu Sea, of which all but 
four are new. One hundred and one species are either wider rang- 
ing forms, or else were collected only in the China Sea, in Celebes 
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waters, or among the Molucca Islands. Of these, 47 are new species. 
Fifty-nine, out of 101 species, occur in the Philippines (8 new), 
making a total of 149 species for the group, of which only 55 had 
been described prior to the Albatross expedition. A majority of the 
55 are here recorded for the first time from the Philippines. 

Eighteen new generic types were discovered by the Albatross expe- 
dition, while new species have made desirable the segregation of six 
additional genera and subgenera. 

The new generic types are: 


Benthogenia, Lithosoma, AX enorias, 

A stromesites, Astrothauma, Hymenasterides, 
Anthosticte, Atelorias, Bythiolophus, 
Koremaster, Halityle, Brisingenes, 
Perissogonaster, Dissogenes, Astrostephane, 
Pontioceramus, Tarachaster, Stegnobrisinga. 


The other new genera and subgenera are: 

Ctenopleura, near Astropecten. 

Paranepanthia, near Nepanthia and Asterinopsis. 

Glyphodiscus, new subgenus of /conaster. 

Freyellaster, near Freyella. 

Brisingella, near Brisinga. 

Craterobrisinga, near Brisinga. 

During the preparation of this report I have had occasion to draw 
rather freely upon the collection of the United States National 
Museum for comparative material. It is a great pleasure to record 
the liberal cooperation of the Museum authorities and in particular 
that of Dr. Paul Bartsch and Mr. Austin H. Clark. The collection 
of the Museum of Comparative Zoology of Cambridge is a treasure 
house for the systematist, and its facilities have always been most 
agreeably placed at my disposal, both during visits and by the loan 
of specimens, for which I am indebted to Dr. Hubert Lyman Clark 
and Mr. Samuel Henshaw. The holotypes of Asterina coronata 
cristata and Bunaster lithodes are in the collection of this museum. 

During a brief visit to London I was able to examine a number of 
types in the British Museum, especially some of J. E. Gray’s from 
Migupou, and for this courtesy I am indebted to Prof. F. Jeffrey 
Bell. Similarly Professor Joubin gave me access to the starfish col- 
lection of the Museum d’Histoire Naturelle of Paris, and Doctor 
Horst to that of the Leyden Museum, and to these gentlemen my 
best thanks are tendered. Nor should I omit a conference with my 
genial friend, Dr. Réne Koehler, of the University of Lyon, the lead- 
ing European authority on Asteroidea and Ophiuroidea. 

As already stated most of the new species brought back by the 
Albatross have been briefly described. These are contained in papers 
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registered in the bibliography as Fisher 1911c, 1918a, 1913c¢, 19160, 
1917a, 19176, while notes bearing directly upon Philippine material 
are contained in 1916a, 1917a, 1917f, and 1918. Keys to orders, 
families, and genera will be found in 1911d and 1906, 

The bulk of the photographs illustrating this report were prepared 
under the direction of Mr. T. W. Smillie, of the United States Na- 
tional Museum, from specimens arranged by the writer. The draw- 
ings illustrating structural details, and the photographic figures of 
the Asteriidae and Brisingidae were made by the writer. 


INTRODUCTION. 


References to the starfishes of the Philippines are found in scat- 
tered papers dealing with larger areas or in such general works as 
Gray’s Synopsis of the Genera and Species of the Class Hypostoma, 
Perrier’s Révision des Stellérides, and Sladen’s Challenger Asteroi- 
dea. There are no special papers dealing with the Philippine star- 
fish fauna, with the single exception of that by Bell On the Echino- 
derms collected during the Voyage of H. M. S. Penguin and H. M. 
S. Hgeria, when surveying Macclesfield Bank. This bank is about 
300 miles west of Lingayen Gulf, Luzon, about midway between 
Luzon and Annam, and is outside of Philippine waters as classified 
in this report. 

J. E. Gray? (1840) in his well-known paper assigns the following 
new species to Luzon: 

Randasia luzonica. Nardoa tuberculata. 
Othilia luzonica. 

The following are from Migupou,? probably a Philippine locality: 

Metrodira subulata. 

Tamaria fusca (=Ophidiaster fuscus). 

Nepanthia maculata. 

In 1844 Miiller and Troschel describe in Wiegmann’s Archiv ® 
Linckia pusilla (=O phidiaster pusillus) from the Philippine Islands, 

In 1847 Gray describes Hosia spinulosa (=Anthenea spinulosa) 
from the Indian Ocean and Philippine Islands. 

Von Martens (1866) mentions the following species: 

Echinaster fallax Miiller and Troschel=Othilia luzonica Gray= 
O. purpurea Gray, Luzon. 

Echinaster solaris Schmidel=Acanthaster plancit (Linnaeus), 
Zamboanga, Mindanao, reef. 

Linckia miliaris (Linck) =Z. laevigata (Linnaeus), Zamboanga. 


— 





1See Bibliography, p. 541, for titles. 

2Mr. Alvin Seale, of the Museum of Comparative Zoology, tells me that he has sailed 
past a Migupou Point, but does not recall now whether it is on Luzon or on Mindanao. 
I have not been able to find it on available maps. Possibly this is the locality to which 
Gray refers. 

8 Jahrgang 10, vol. 1, p. 180. 
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Asterina ON (Pennant), war. ra A. cephus ?, “ Philippines, im 
Berliner Museum.” 

Asterina pentagona (Miiller and Troschel)=Patiriella exigua 
(Lamarck), Provinz Albay auf Luzon. 

Luidia maculata Miiller and Troschel, Manila Bay. 

The next year in a short paper the following species are ascribed 
to the Philippines: 

Echinaster solaris Schmidel=Acanthaster planci (Linnaeus), 
described; Zamboanga, Mindanao. 

Gymnasteria carinifera (Lamarck)=Asterope carinifera, Zam- 
boanga, Mindanao. 

In 1875, Perrier in the Révision described Scytaster obtusus 
(=Nardoa obtusa) from the Philippines. The type, which I have 
examined, is a young specimen. He also records the following 
species: 

Acanthaster echinites=A. planci. 

Echinaster fallaw=Othilia purpurea. 

Ophidiaster pusillus. 

Linckia miliaris=L. laevigata. 

Scytaster tuberculatus=Nardoa tuberculata. 

Pentagonaster spinulosus=Anthenea spinulosa. 

Pentaceros obtusatus=Pentaceropsis obtusata. 

Asterina cepheus. 

Pteraster cribrosus=fetaster insignis. 

Sladen (1889) described the following new Philippine species 
from the Challenger collections: 

Astropecten imbellis, off Tablas Island, 100 fathoms. 

Astropecten monacanthus, east of Panay, 20 fathoms. 

Dytaster inermis, Celebes Sea, between Celebes and Mindanao, 
2,150 fathoms. 

Luidia aspera, off Zamboanga, Mindanao, 10 fathoms; off Tablas 
Island, 100 fathoms. 

Luidia longispina, east of Panay Island, 20 fathoms. 

Pontaster trullipes, west of Luzon, 1,050 fathoms. 

Nymphaster symbolicus, off Tablas Island, 100 fathoms. 

Leptogonaster cristatus, off Tablas Island, 100 fathoms. 

Pentaceros productus, var. tuberata, off Zamboanga, 10 fathoms: 
off Malanipa Island, 10 fathoms. 

Pholidaster squamatus, off Tablas Island, 100 fathoms. 

Asterias (Stolasterias) volsellata, near Cebu, 95 fathoms. 

Freyella echinata, Celebes Sea, between Celebes and Mindanao, 
2,150 fathoms; west of Luzon, 1,050 fathoms. 

He also recorded the following species collected by the Challenger: 

Craspidaster hesperus, east of Panay Island, 20 fathoms. 
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Archaster typicus, east of Zamboanga, 250 fathoms; off Zambo- 
anga, 10 fathoms; off Cebu, reefs. 

Stellaster incet, off east point of Panay, 18 fathoms. 

Asterodiscus elegans, off Zamboanga, 10 fathoms. 

Pentaceros turritus=Oreaster nodosus (Linnaeus), off Zambo- 
anga, 10 fathoms; off Cebu, reefs; off Malanipa Island, 10 fathoms. 

Pentaceropsis obtusata, off Cebu, reefs. 

Culcita novae-guineae, off Cebu, reefs; off Malanipa Island, 10 
fathoms. 

Choriaster granulatus, off Zamboanga, 10 fathoms. 

Nardoa tuberculata, off Zamboanga, 10 fathoms; off Cebu, reefs. 

Linckia miliaris=L. laevigata, off Cebu, reefs. 

Asterina cepheus, off Zamboanga, 10 fathoms. 

Acanthaster echinites=A. planci, off Cebu, reefs. 

In the article, already mentioned, on the Echinoderms of Maccles- 
field Bank, Professor Bell (1894) lists the following starfishes, those 
marked with an asterisk being new: 


Fathoms. Fathoms. 
Archaster typicus _..__...._.. 23-50 *Chaetaster moorei_______-_--- 3640 
*Archaster tenuis. __._____-_-— 35-41 Asterina cepheus_____.______. 17-30 
Astropecten polyacanthus__--~ 30-41 Fromia milleporella__._.c-____ 22-40 
Luidia? aspera (young) ------ 20-35 Leiaster? leachi (young)-_--~~_ 41-44 
India forficifer__..-.--_____ 80-40 = Leiaster? speciosus (young)__ 30-46 
Luidia hardwicktt _.____-_---- 31-37 Nardoa tuberculata__.________ 30-46 
Tuidia tongispina ___-___--_-_- 380-45 Rhipidaster? vannipes_______- 32 
LIuidia maculuta (young) ———-~ 30-41 Mithrodia clavigera ~_________ 41-44 
Goniodiscus rugosus (young) —- 45 Echinaster purpureus ___-__-- 29-40 
*Qulcita (young), new species__ 40-50 #£Asterias volsellata ___________ 2 
-Patiria oriareuses 2 ee ae 30-45 


DISTRIBUTION OF SPECIES. 


I. DISTRIBUTION OF PHILIPPINE SPECIES. 


Of the 149 species found in the Philippine Archipelago, 90 were 
not met with outside the group. The remaining 59 species range 
outside the islands and included seas and are analyzed in the fol- 
lowing lists a to k: 

(a) Species common to the Red Sea, Indian Ocean, Philippines, 
Eastern Archipelago, and parts of the central and western Pacific: 


Astropecten polyacanthus. Asterina cepheus. 
Fromia milleporella. Othilia purpurea. 
Linckia laevigata. Acanthaster planci. 


Linckia multifora. 
(6) Species common to the Red Sea, Indian Ocean, and Philip- 
pines, but not ranging into the Pacific: 


Astropecten monacanthus. Luidia savignyi. 
13434 —Bull. 100—19——2 
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(c) Species common to the Indian Ocean (including the Bay of 
Bengal and Arabian Sea), Eastern Archipelago (including the Phil- 
ippines) and parts of the Pacific: 


Craspidaster hesperus. Stellaster incet. 
Astropecten velitaris. Oreaster nodosus. 
Luidia maculata. Culcita novae-guineae. 
Archaster typicus. Culcita n. plana. 
Archaster angulatus. Linckia guildingi. 
Cheiraster inops. Metrodira subulata. 
Mediaster ornatus. Patiriella exigua. 
Pseudarchaster jordani. Echinaster callosus. 


With the exception of Cheiraster inops, Pseudarchaster jordani, 
and Mediaster ornatus, which occur below the 200-fathom line, the 
species listed under a, b, and ¢ are littoral and shallow-water species, 
22 in number. 

(dz) Species common to the Philippines and Bay of Bengal: 


Goniodiscaster forficulatus. Ophidiaster tuberifer (to Ara- 
Nardoa lemonnieri. fura Sea). 
Nardoa squamulosa. Ophidiaster dubiosus. 


Nardoa frianti. 


These are all littoral or shallow-water forms, none ranging to the 
100-fathom line. 
(¢) Species common to the Philippines and Arabian Sea: 


Sidonaster vaneyi (733-833 fathoms). 
(7) Philippine species ranging into the China Sea: 


Persephonaster anchistus. Nepanthia joubini. 
Asterodiscus elegans. 


(g) Philippine species ranging into the western Pacific: 
Luidia aspera (to Admiralty Islands). 
Oreaster alveolatus (to New Caledonia). 
Retaster insignis (lists i, j). 

(A) Philippine species extending to Japan: 
Choriaster granulatus (to New Zealand and western Pacific). 
Fromia japonica (to Java, Banda, and Arafura Seas). 
Henricia densispina (Straits of Korea). 

(2) Species common to the Philippines and Celebes (¢) or Mo- 
luccas (m): 

1. Littoral forms: 
Tconaster longimanus (to Java, Banda, and Arafura Seas). 
Nardoa semiregularis (into Java Sea). 
Nardoa tuberculata (to Java, Banda, and Arafura Seas). 
Ophidiaster fuscus (to northwest Australia and Arafura Sea). 
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2. Deep-water species: 


Ctenodiscus orientalis, m. ¢. Zoroaster ophiactis, c. 
Pectinaster hylacanthus, m. Cnemidaster wyvillii, ¢. (to Ara- 
Cheiraster niasicus, ¢. m. fura Sea). 

Atelorias anacanthus, c. Coronaster halicepus, m. 
Retaster insignis (lists g, j). Stegnobrisinga placoderma, c. 


Hymenasterides zenognathus,m. 


(7) Philippine species extending into the Banda and Arafura 
Seas: 


Astropecten granulatus. Ophidiaster fuscus (to northwest 
Rosaster symbolicus. Australia). 
Iconaster longimanus. Nepanthia maculata. 
Nardoa tuberculata. Retaster insignis (lists g, z). 
Fromia japonica (to Japan). Cnemidaster wyvillit. 
Ophidiaster tuberifer (to Bay of 

Bengal). 


(%) Species common to Philippine and Hawaiian Islands: 
Cheiraster inops (to Indian Ocean, list c). 
Pseudarchaster jordani (Borneo, and Indian Ocean, list ¢). 
Mediaster ornatus (to Arabian Sea, list ¢). 
Distolasterias euplecta. 
Brisingella fragilis. 

(2) Bathymetric distribution of species of lists a to & occurring 
below the 100 fathom line: 

1. From between 99 and 200 fathoms: » 
Astropecten granula- LFosaster symbolicus. 


tus. Henricia densispina. 
Persephonaster an- Coronaster halicepus. 
chistus. Distolasterias ewplecta. 


Luidia aspera. 

2. From between 200 and 300 fathoms: 
Cheiraster inops. Hymenasterides zenognathus. 
Cheiraster niasicus. Coronaster halicepus. 
Henricia densispina. Brisingella fragilis. 

3. From between 300 to 500 fathoms: 
Ctenodiscus orientalis. Pseudarchaster jordant. 
Pectinaster hylacan- Henricia densispina. 

thus. Brisingella fragilis. 

Cheiraster inops. 

4, From between 500 and 700 fathoms: 
Cheiraster inops. Zoroaster ophiactis. 
Atelorias anacanthus. Stegnobrisinga placoderma. 
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5. From between 700 and 1,100 fathoms: 


Pseudarchaster jor- Zoroaster ophiactis. 
dani. Cnemidaster wyvilliz. 


Summary.—(Species taken only among the Philippine Islands, 
90.) Species ranging well into the China Sea (f), 3. Additional 
forms ranging into western Pacific (7), 3. 

Additional forms ranging to— 

Bay of Bengal (d), 6; 

Arabian Sea (e), 1; 

Celebes or Moluccas (2), 14; 

Banda and Arafura Seas (j), 10, but only 4 not in lists d and 2. 

Species ranging to— 

Hawaii (4), 5. 
Japan (h), 3. 

Wide-ranging species, Indian Ocean, Eastern Archipelago, and 
Pacific (c), 16. 

Additional forms ranging into Red Sea (a), 7. 

Additional forms ranging into Red Sea but not into the Pacific 
(0), 2. 

In the following table all species listed in the report are enumer- 
ated, except 90, which were met with only in the Philippine Archi- 
pelago. For analysis of those found only in Moluccan and Celebes 
waters see section IV. 


DISTRIBUTION OF SPECIES OTHER THAN THOSE FOUND ONLY AMONG THE PHILIP- 
PINE ISLANDS. 
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DISTRIBUTION OF SPECIES OTHER THAN THOSE FOUND ONLY AMONG THE PHILIP- 
PINE ISLANDS—Continued. 
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Nymphasier arthrocnemis|....|..-.|----|-.-.|---.|----|-.-- Cc | Senta ears afe[aro'lisjofe ail = sreis|| costerellisiate rel wean SEPA erent 
Icoraster longimanus....|~.-.|----|----|----|----|----| X |----) X | X |----| X |----]----[----]-.-- sto{a|='=\=1= 
Goniodiscaster for ficulatus ....)-.-- Pe ||eisicinllsiecieleiw sft OS |eainin|ieieietal eieeis Sieiia | OSH atareca'l losis ePnee oatote eetore | eetera 
Stellaster incei........... Hayate a | tcreye [MIL OKC I NPN steysiellfi Xcel rete mT oer | S| | ae eceresaa ect | ere mee pete ecist= 
PATA BEIM UCST OTA ULOSIS ER | ote neilciees tacts sllsicm elie maison | ME | wsreral eee cts eared eaters Dl Beat pine e sieatal|Saete 
PAVEDICIIOLUES I AEILOSOTALS soise ner | ictal ereieie|| creiere i Gulls ecto leie eee] settee eel ees Seles (cowaleiente Sl eineis (ea ee NS 
TOTES ONUCETENUS.252\- 02 eloece|ssae|s orale os<lnce-| XM [© [eotelence TE | tea Ee arate [a be |B ee 
Oreaster nodosus..... hb osoc|sodd Soca hens specloood essull Slag hex Galle Baba CdSe laced laoec See |poce 
Oreaster alveolatus....... eal eee oes a lis\n1a/5 Satna ee eNO awiatel peter tetera SONG Sel nalereis (scien steec Bete 
JAS REET IE CLT TOSS a bone leoeel Goad loaed (etal Bosal SuISSS4 saad Hoos aternie ROM erate sesie| sieeve eet sae lst 
Culcita novaeguinene..@..|....\....|---- Xe lee eet x KG ecalsccelaeststaces aaa eee 
Culcita novaeguineae 
PO race sk ocie seen a Sea | nyermelicetes noon |= x 
Choriaster granulatus .... Rises x 
Dissogenes styracia....... el pemtels 
Ferdina glyptodisca...... tis ssecle 
Fromia japonica.......-. ere ecole 
Fromia milleporella...... 
Nardoa lemonnieri....... ye 3 


Nardo2 squamulosa 
Nardoa semiregularis . 
Nardoa tuberculata.......|- 
Nardoa frianti........... 

Ophidiaster fuscus....... 
Ophidiaster tuberifer..... 
Ophidiaster dubiosus..... 
Linckia laevigata......... 
Linckia multifora........ : 
Linckia guildingiih...... Sains 
Metrodira subulata....... 
Marginaster paucispinus 
Nepanthia maculata. ...- 
Nepanthia joubini....... ele 
Paranepanthia platydisca 
Asterina cepheus......... 
Asterina coronata cristata . 
Patiriella exigua......... oe 
Echinaster callosus....... ae 
Othilia purpurea......... Deel] OW 1) ON: ese] meicte seselee-e]- 
Henricia densispina.....|....|-.-.|-.--|---- seeie | PCCdll ul esee | eee bea emma sete ELA esse [toe eens 
Acanthaster planci....... eo See S10 Ue eed SUES Ca Te ol ag ee ea Loma [eeceleoseleoce 


a The letters M and C represent Moluccas and Celebes, respectively. 
b Hawaiion Islands. 

¢ Admiralty Islands. 

d Flores Sea, 

€ Also Borneo. 

f Australia. 

9 New Caledonia. 

A Also in West Indies; Caps Verde Is. 
4 Ceylon and northwest Australia. 

J New Zealand; northeast Australia. 
k Macclesfield Bank. 

‘East Australia. 

m Solomon I[slands. 

n New Zealand, eastern Australia. 

o Strait of Korea. 

P Ryukyu Islands. 
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DISTRIBUTION OF SPECIES OTHER THAN THOSE FOUND ONLY AMONG THE PHILIP- 
PINE IsSLANDS—Continued. 
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Brisingellasragilis:: 2%. | sata | cieee|ssiee eae eveisrell las ote XO Peincclteee eee ONG sciselineres Gaal asics | aorere S 
Stegnobrisinga placoderma}....|.... pened | co aos erin x | Cues eae sebotacoe ivlecalnnn xX ae 





a Hawaiian Islands. 


oh 


‘’ 
II. ANALYSIS OF SPECIES TAKEN ONLY IN PHILIPPINE WATERS, 
(a) Species taken only in Luzon waters. 


1. From between 100 and 200 fathoms: 


Astropecten luzonicus. Paragonaster stenostichus. 
Ctenophoraster diplo- Peltaster cycloplax. 


ctenius. Lithosoma actinometra. 
Astromesites compac- Calliaster corynetes. 

tus. Astrostephane acanthogenys, 
Persephonaster eury- 

actis. 


2. From between 200 and 300 fathoms: 


Astropecten luzonicus. Tritonaster evorus. 
Persephonaster luzon- Rosaster mimicus. 


cus. Nymphaster mucronatus. 
3. From between 300 and 500 fathoms: 
Psilaster gotot. Nymphaster meseres. 


Dipsacaster imperialis. 
(b) Species taken in the vicinity of Luzon and also in the in- 
terisland waters north of Mindanao and Surigao Seas: 
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Coronaster volsellatus (95-165). 

Paragonaster ctenipes hypacanthus (114-172). 
Pontioceramus grandis (114-200). 
Persephonaster oediplax (283-604). 


(c) Species from interisland waters south of Marinduque and 
north of Mindanao and Surigao Seas: 


1. From less than 100 fathoms: 


Patagiaster sphaerio- Bunaster lithodes (littoral). 
plax. Asterinopsis pedicellaris. 
Rosaster mamillatus. Distolasterias hypacantha. 
Ophidiaster trychnus. 
2. From between 100 and 200 fathoms: 
Goniopecten asiaticus. Astrothauma euphylacteum. 
Anthosticte aulo- Pholidaster squamatus. 
phora. Distolasterias hypacantha. 
Luidia avicularia. Odinia penichra. 
3. From between 200 and 300 fathoms: 
Luidia gymnochora, Nymphaster leptodomus, Henricia 


arcystata. 
4, From between 500 and 700 fathoms: 
Ceramaster smithi. Henricia arcystata (to 530). 


or 


. From between 700 and 900 fathoms: 
Koremaster evaulus spiculatus. 
6. Depth not recorded: 
Odinia magister. 
(d) Species taken only in the Mindanao and Surigao Seas and ad- 
jacent bays: 
1. Less than 100 fathoms: 
Pentaceropsis tyloderma, Echinaster stereosomus, Pteras- 
ter obesus myonotus. 
2. From between 100 and 200 fathoms: 
Nymphaster euryplax. Henricia microplax. 
Tarachaster tenuis. 
3. From between 200 and 300 fathoms: 
Nymphaster dyscritus, Pteraster obesus myonotus. 


4. From between 300 and 500: 
Cheiraster diomedeae. 
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(e) Species taken only in the basin of the Sulu Sea and adjacent 
Mindanao Sea; those marked with a star are from the Sulu Basin 
only: 

1. From less than 100 fathoms: 
Astropecten vappa Fromia eusticha.* 
inaequalis.* Fromia hemiopla.* 
Rosaster nannus.* Nardoa tumulosa.* 
Iconaster perierctus.*  Letaster analogus.* 
Asterodiscus helono- Anseropoda macropora.* 
tus.*, Acanthaster brevispinus.* 
Halityle regularis.* 
. From 100 to 200 fathoms: 
Astroceramus sphaeriostictus.* 
3. From 200 to 300 fathoms: 
Prionaster analogus. 
4. From 3800 to 500 fathoms: 
Benthogenia cribel- Astropecten pedicellaris.* 
losa. Nymphaster habrotatus. 
5. From 500 to 700 fathoms: 
Persephonaster su- Lophaster suluensis.* 


bo 


luensis.* Nymphaster habrotatus (to 736 
Sphaeriodiscus scoto- fathoms). 
ery ptus.* 


6. From 900 to 1,100 fathoms: 
Nymphaster atopus.* — Hymenaster barischi (1105). 


(f) Species found in the Sulu and Mindanao Seas which were taken 
also outside these basins, as follows: 


a’. In the China Sea off Luzon, or in tributary bays: 
Astropecten phragmorus (14 to 44 fathoms). 
Persephonaster euryactis brevispinus (172-258 fathoms). 
Persephonaster habrogenys (305-840 fathoms; Sibuko 

Bay, Borneo). 
Perissogonaster insignis (159-254 fathoms). 
Anthenoides cristatus (102-279 fathoms). 
Zoroaster carinatus philippinensis (96-604 fathoms). 


b’. In interisland waters, central part of archipelago: 
1. In less than 100 fathoms: 


Astropecten phragmorus, Astropecten mindanensis 
(4 to 42 feet), Luidia longispina, Luidia prionota, 
Zoroaster c. philip pinensis. 
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2. From 100 to 200 fathoms: 

Astropecten eucnemis, A. tenellus, Ctenopleura astro- 
pectinides, Anthenoides cristatus, Zoroaster c. phil- 
ippinensis. 

3. From 200 to 300 fathoms: 
Lithosoma penichra, Anthenoides cristatus, Anthe- 
noides rugulosus, Zoroaster c. philippinensis. 

4, From 300 to 500 fathoms: 

Prionaster gracilis, Dipsacaster diaphorus, Litho- 
soma penichra, Anthenoides rugulosus, Zoroaster «. 
philippinensis. 

5. From 500 to 700 fathoms: 

Astropecten eremicus, Dipsacaster diaphorus, Zoro- 
aster c. philippinensis, Brisinga trachydisca. 


6. From 700 to 800 fathoms: Brisinga trachydisca. 


(g) Species taken only in Palawan Passage or tributary bays: 
Pectinaster mimicus palawanensis (730 fathoms). 
Asterina coronata euerces (littoral). 
Craterobrisinga eucoryne (875 fathoms). 
Craterobrisinga analoga (875 fathoms). 

(A) Bathymetric distribution of deep-water species. Those 
marked with an * occur also outside the archipelago as detailed 
under section I. This list includes I, 2. 


1. From 100 to 200 fathoms: 


Goniopecten asiaticus. 

Astropecten eucnemis. 

Astropecten  granula- 
tus.* 

Astropecten luzonicus. 

Astropecten tenellus. 

Ctenopleura  astropec- 
tinides. 

Ctenophoraster  diplo- 
ctenius. 

Persephonaster anchis- 
tus.* 

Persephonaster euryac- 
tis. 

Persephonaster e. brevi- 
spinus. 

Astromesites compactus. 

Anthosticte aulophora. 


Luidia aspera.* 
Luidia avicularia. 
Paragonaster  ctenipes 
hypacantha. 
Paragonaster — stenosti- 
chus. 
Perissogonaster insignis. 
Rosaster symbolicus.* 
Nymphaster euryplax. 
Peltaster cycloplax. 
Pontioceramus grandis. 
Lithosoma actinometra. 
Astroceramus sphaerio- 
stictus. 
Calliaster corynetes. 
Astrothauma euphylac- 
teum. 
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Anthenoides cristatus. 
Tarachaster tenuis. 
Henricia densispina.* 
Henricia microplax. 
Zoroaster c. philippin- 
ensis. 
Pholidaster squamatus. 
Coronaster volsellatus. 


2. From 200 to 300 fathoms: 


Prionaster analogus. 
Astropecten luzonicus. 
Persephonaster e. brevi- 
spinus. 
Persephonaster luzoni- 
cus. 
Persephonaster oediplax. 
Tritonaster evorus. 
Luidia gymnochora. 
Cheiraster inops.* 
Cheiraster niasicus.* 
Perissogonaster insignis. 
Rosaster mimicus. 
Nymphaster dyscritus. 
Nymphaster mucrona- 
tus. 


8. From 300 to 500 fathoms: 


Benthogenia cribellosa. 
Ctenodiscus orientalis.* 
Prionaster gracilis. 
Astropecten pedicellaris. 
Psilaster gotoi. 
Persephonaster oediplax. 
Persephonaster habro- 
genys. 
Dipsacaster imperialis. 
Dipsacaster diaphorus. 
Pectinaster hylacan- 
thus.* 
Cheiraster inops. 
Cheiraster diomedeae. 


Coronaster halicepus.* 

Distolasterias euplecta.* 

Distolasterias hypacan- 
tha. 

Astrostephane acantho- 
genys. 

Odinia penichra. 


Nymphaster leptodomus. 

Lithosoma penichra. 

Anthenoides cristatus. 

Anthenoides rugulosus. 

Henricia densispina.* 

Henricia arcystata. 

Pteraster obesus myono- 
tus. 

Hymenasterides zenog- 
nathus.* 

Zoroaster ¢. philippit- 
nensis. 

Coronaster halicepus.* 

Brisingella fragilis. 


Pseudarchaster jor- 
dani.* 

Nymphaster meseres. 

Nymphaster habrotatus. 

Lithosoma penichra. 

Anthenoides rugulosus. 

Henricia densispina. 

Zoroaster ¢. philippi- 
nensis. 

Brisingella fragilis.* 

Craterobrisinga euco- 
ryne. 

Craterobrisinga analoga. 
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4. From 500 to 700 fathoms: 


Astropecten eremicus. 
Persephonaster suluen- 
sis, 
Persephonaster 
plax.* 
Dipsacaster diaphorus. 
Cheiraster inops.* 
Nymphaster habrotatuc 
(to 736 fathoms). 
Ceramaster smithi. 
Sphaeriodiscus scoto- 


cry ptus. 
5. From 700 to 1,100 fathoms: 


oedi- 


Koremaster evaulus spi- 


culatus. 
Pectinaster mimicus 
palawanensis. 


Pseudarchaster jordani. 
Nymphaster atopus. 


PHILIPPINE SEAS. 
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Atelorias anacanthus.* 
Henricia arcystata (to 
530 fathoms). 
Lophaster suluensis. 
Zoroaster ophiactis.* 
Zoroaster c. philippi- 
nensis. 
Brisinga trachydisca. 
Brisinga placoderma.* 
Stegnobrisinga placo- 
derma.* 


IHymenaster _ bartschi 
(1,105 fathoms). 
Zoroaster ovhiactis.* 
Cnemidaster wyvillii.* 
Brisinga trachydisca. 


The following table indicates the distribution of all forms col- 
lected in the Philippine Islands only: 


DISTRIBUTION OF SPECIES COLLECTED AMONG THE PHILIPPINES ONLY. 
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Astropecten luzonicus . . . 
Astropecten tenellus 
Astropecten pedicellaris...- 
Ctenopleura astropectinides 
Ctenophoraster diploctenius 









PSII SLET OULOLe cece aac cece sane sdeteacseses x 

A stromesites compictus.......------------------ x 
Persephonaster euryactis..........-.------------ % 
Persephonaster e. brevispinus ........-------+--- x 
Persephonaster luzonicus ......--.-------------- | X 

PRET RETILOTULSLEN STAR CIEBID laid ain |< ce: 2is = =/6/- [= alsin a inl nlm lm 
Persephonaster o€diplax............+.-.-------- }eisee |X 
Persephonaster habrogenys....---.---------+-+-- x 


a Sibuko Bay, 


Borneo. 
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DISTRIBUTION OF SPECIES COLLECTED AMONG THE PHILIPPINES ONLY—Continued. 
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Pectinaster m. palawanensis 
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Paragonaster c. hypacanthus. 
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Acanthaster brevispinus........-- 
Lophaster suluensis.......-.--- 
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III. RELATIONSHIPS OF PHILIPPINE FAUNA. 


As summarized at the end of Section I, the species which range 
beyond Philippine waters include: First, about 25 species with a wide 
Indo-Pacific distribution and a very slight vertical range below low 
tide (Section I, a, 6, ec); second, 19 species which extend to Celebes 
or to the Molucca Islands and the seas at the south (Section I, 7, 7) ; 
third, 6 species which occur in the Bay of Bengal and 1 in the Ara- 
bian Sea (Section I, d, ¢); fourth, 5 species which range to the 
Hawaiian Islands (%), of which 3 also extend to the Indian region 
(all deep water) ; fifth, 3 species which are members of the Japanese 
fauna, 1 being also Pacific (h). Of the remaining 6, 3 are China 
Sea species and 3 are from the western Pacific. 

Excluding the widely distributed Indo-Pacific forms, the remain- 
der seem to show a preference for the seas to the south of the Phil- 
ippines and for the Bay of Bengal. 

If the deep-water species alone are considered the following is 
the result: 10 species range to Celebes and the Moluccas, and 3 others 
to the Arafura Sea; 3 species extend from Hawaii to the Indian 
region; 2 from the Philippines to Hawaii; 1 to the Straits of Korea 
(not free from doubt as to specific identity). 

If the species which were taken only in the Philippine Islands are 
listed along with their nearest known relatives, somewhat similar 
results are obtained. In the three tables which follow, certain species 
(marked with an asterisk) are included which range into the China 
Sea or to the Celebes region. Of course it is likely that nearly all 
the species considered have a much more extended distribution than 
the limited data warrant us in asserting. 

It will be seen that 25 species have relatives in the Indian region, 
although in some cases showing kinship with Pacific or Moluccan 
forms; 12 have related forms in the region from Celebes to Torres 
Strait; 12 have related species ranging to, or so far as known, con- 
fined to the Hawaiian Islands; 7 have Japanese affiliations (shared 
in some cases with Indian connections) ; and 5 others have represent- 
ative forms in distant parts of the Pacific. One form, not listed be- 
low, Astropecten vappa inaequalis, is closely related to A. vappa of 
New South Wales and southwest Australia. 


PHILIPPINE SPECIES WITH APPARENT NEAREST RELATIVES IN THE INDIAN REGION. 


| 





Philippine species. Hi Related species. Habitat of related species. 
Astropecten mindanensis........-- PAL ONULET BOTA tare aye elaine aime ara ate Bay of Bengal. 
Astropecten tenellus........----+++- Az ie Koehler sesraaseneee asses Bay of Bengal, Indian Ocean, 
Astropecten pallette Beene os. |b dOsceeeeees ena oie mee ene eeeree Do. 
Ma pansies Misheriet cece seca ae oe Philippines, shallower water, 
PP SHLESLET QOLOb ne ae eens) = «alm | P, agassizi (Koehler) not very close..| Bay o Bengal, 
| P. robustus Fisher.......-...-------- Moluccas, 


1In a number of cases 2 related species are given. 
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PHILIPPINE SPECIES WITH APPARENT NEAREST RELATIVES IN THE INDIAN 
Receron—Continued. 




















Philippine species. Related species. | Habitat of related species. 
Persephonaster euryactis.........-- iP coelochtlesv Alcock. sees. 42 )-- Andaman Sea. 
iP misakiensis| Gots soe ones ce neee Japan. 
Dipsacaster imperialis...........-. iD stadenivAlcockso ms eae se os eeen ee Andaman Sea. 
iD \imesiofesMIShHera ee tere eee eee eeee Hawaiian Islands. 
Gutdiaiaviculariaseens ss. keen eee i cintegraoohler esse ascseneeeesee Andaman Islands, 
L. moroisoana Goto (not so close)....| Japan. 
Duidia gymnochora....-..-..------ iE denudata Koenleriac.pececsceeoee Coromandel Coast, India. 
* Chetraster niasicus....2.2.:-....:. CUinops WMisher eee ee Hewallon Islands, Bay of 
engal. 
Cpilosus (Alcock) ps2 essen eee eae Gulf of Manaar. 
Rosaster nannus .........--.-.-----| R. confinis (Koehler)...........----- Andaman Islands, 
Nymphaster euryplar........-.---- IN; (bella Koehler). So seacnwaenc secre Do. 
Nymphaster dyscritus......-...---- N, ternalis (Koehler, not Perrier). ..| Bay of Bengal, Indian Ocean 
WN: Gardimert (Bell) sascosseceeseeiaeee Western Indian Ocean, 
Numphaster mucronatus ......-.--- IN: belle @Koehler) i ii sas ce eeiceacanine Andaman Islands, 
Lithosoma actinometra.........---. L. pentaphylla (Aleock).....-.---.-. Andaman Sea. 
Anthenoides cristatus..........---- AM Sari S8OCAICOCK atc eere se te ceee Do. 
Fromidihemioplarn se voce cues neces P.armatakKoohler ss voncac cones cee Andaman Islands. 
Nardoatumulosa.....---.-0--020 NifrianiiKoehlers se ceteisocne cee ae Islands, Philippine 
slands, 
GCCSTET ONALOGUS |= = <cicice ose einice 21 IG XCOTIACEALS EE OLOISEls oe atone nee eee Mauritius. 
TONTICIMANCYSLOLGa onc co sceaeenee. Hf, mutans (Koehler). 2.5..252..0022 Andaman Islands, 
Acanthaster brevispinus ......-.--. A, mauritiensis de Loriol?........... Mauritius. 
EZ OF OLSEN OPNITClIS == osr\se cme ece ZalredivAlCocK ain uee sence fo deee Bay of Bengal. 
Zoroaster c, philippinensis.......-- ZiCOvinatUs AVCOCK jew cise esos sieje~ re Andaman Sea, 
* Cnemidaster wyvillii...........--. G@xzed, GAICOCK) Sseatee te vaecs coe eeee Laceadive Sea. 
C. squameus (Alcock)... ...........- Laccadive Sea; Gulf of Manaar, 
Distolasterias hypacantha...........| D. mazophorus (Aleock)?....-.-.-.-- Andaman Sea, 
Brisinga trachydisca..........-.--- B. andamanica Alcock...........---- Do. 





* Species so marked range outside the Philippines. 


PHILIPPINE SPECIES WHOSE NEAREST RELATIVES HAVE BEEN TAKEN IN THE 
REGION OF THE CELEBES AND MOoLUCCAS, OR BANDA AND ARAFURA SEAS. 





Philippine species, : Related species, Habitat of related species, 





Astropecten phragmorus......--- ea WA Vacanti er DladeMe sae cseencc meses Banda Sea, 

Astropecten eucnemis......-.------ A, granulatus Miiller and Troschel. . Bauds and Arafura Seas; 
ilippines. 

UP StlasteriGoL0tese scccsececee never (P= TOvI sts PISHCD cence ceeceee cere Moluccas, 

Persephonaster suluensis......-.--- P, multicinctus Fisher.........-..--- Celebes, 

Koremaster e, spiculatus........... ES evils WiSher se se sees = oe eee Do. 

TAO DITION A sccce sc saeco coos Dsforficifera Sladen\.<2% 22. seo-sca Arafura Sea; Torres Strait. 

Pectinaster m, palawanensis.....--.. Pimimicus (Sladen) S22. ses cece nee Celebes; Arafura Sea. 

Pholidaster squamatus........----- Pvdistinemis|Sladeniss eso. c. sca acbee Banda Sea. 

Paragonaster c, hypacanthus....-.- Pctenipes SlaAdehiss scceeseeceeels ...| Arafura Sea. 

Nymphaster meseres.....-.-------- N. arthrocnemis Fisher........-..--. Celebes, ‘ é 

Pentaceropsis tyloderma........---- P. obtusata (B. de St. Vincent)....-. Amboina; Philippines. 

BuMmastervithodes.-.cccecececcccccce BATU END OO STIOM= scenes ele cicce ene Amboina. 





PHILIPPINE SPECIES WHOSE APPARENT NEAREST RELATIVES LIVE IN THE PACIFIC. 














Philippine species. Related species. Habitat of related species. 
* Ctenodiscus orientalis............- C. crispatus (Retzius) .........-....2 x e and S. Pacific; N. At- 
antic. 
A stropecten eremicus .........-.--- Ay PUSSIES HASHOLr. ae see eee ore ee | Hawaiian Islands. 
Ctenopleura astropectinides.........| C. ludwigi (de Loriol) --..| Japan. 
Ctenophoraster diploctenius.........| C. hawaiiensis Fisher............-.-. Hawaiian Islands. 
Persephonaster curyactis......-.-.- Pemisakienses|/Goto. ests ssecesneuese Japan. 
*Persephonaster anchistus..........|..-.- Oats eee eee ere ea Do. 
Tritonaster, CVOTUS. >. scecen need oe T. craspedotus Fisher................ Hawaiian Islands. 
Dipsacaster imperialis...........-- iD) MLestotes MASHELc,. ce cis een eeenee Hawaiian Islands; Moluccas. 
DSsladent Alcock oss eeuesare sae Andaman Sea. 
Patagiaster sphaerioplar......-...- PY mudingt, PASMOM occ saeu sean canes Hawaiian Islands. 
*Zuidia orientalis..........-.-.---- TG ASeNOCOM Mec cine Lanse ae eee | California. 
WITOLD AVICULONIG cece eases cee ee DB. moroisoana Goto. 62.2 Jaceeenene Japan. 
integra: Koehleri:<...0) SoS Andaman Islands. 


* Species so marked have a known range outside the Philippines. 
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PHILIPPINE SPECIES WHOSE APPARENT NEAREST RELATIVES LIVE IN THE PACIFIC— 





Continued. 
Philippine species. Related species. Habitat of related species. 
* Cheiraster niasicus............-..- Cr inops Misher-s.a-msteneeees eee = Hawaiian Islands; Bay of Ben- 
gal. 

Cheiraster gazellae. ............. 5c | On SRUGere uisherescses seen ee eee anos Hawaiian Islands. 
Cheiraster diomedrae..........-....|.---- GOssons 2a cle setae neeseectedee 0. 
Geramasier smitiitecs cn socnenc cn eck C. clarki Fisher (not close). ....-...-- W. coast of North America. 
A stroceramus lionatus......--.--.- A. callimorphus Fisher........---- ..| Hawaiian Islands. 
A stroceramus sphacriostictus....... A. callimorphus (not close)...-.....- Do. 
Calltasier: corymetess.:<ciccee ssi scees C. pedicellaris Fisher.............- es Do. 
Asterodiscus helonotus..........--. A truncatus Coleman..............-- S.and S. E. Australia. 
Asterina coronata ewerces........--- A. coronata cristata Fisher........-... Caroline Islands; N. Australia 
Anseropoda macropora......-..-.-. A. petaloides Gotosasas-meseseeeee ses Japan. 
DBophaster sulwenstssi\- o-. -s--- 2+) Lapurcilliger Wisher.-\..2: .sc.serce ss W. coast of North America. 
Pteraster obesus myonotus...-...-.. Probestis Clarkaas sso see ce aes apan. 
Hymenaster bartschi......-..--..-- N. pullatus Sladen: J. 23-2 0e220<- se N. coast of New Guinea. 
Craterobrisinga eucoryne......-.--- Cualberit, Wishereee) secene eee Hawaiian Islands. 


* Species so marked have a known range cutside the Philippines. 
IV. ANALYSIS OF SPECIES TAKEN OUTSIDE OF PHILIPPINE WATERS. 


(a) Species confined so far as known to the China Sea but not oc- 
curring in Philippine waters: 


Anthenoides lithosorus. 
Marginaster paucispinus. 


Persephonaster tenuis. 
Luidia orientalis. 


(6) Species taken only in the Celebes and Moluccan region: 


Radiaster notabilis. 
Solaster tropicus. 


Astrostephane moluccana. 


(c) Species taken from Celebes waters only: 


1. Strait of Macassar— 
Benthopecten styracius. 
Tarsaster distichopus. 


2. Gulf of Tomini— 
Persephonaster mono- 


Freyellaster spatulifer. 


Myzaaster medusa. 


stoechus. Hymenaster rhodopep- 
Koremaster evaulus. plus. 
Pseudarchaster oligo- 
porus. 


38. Buton Strait— 


Persephonaster mult i- 
cinctus. 

Aphroditaster micro- 
ceramus. 

Nymphaster arthroene- 
mis, 

Ferdina glyptodisca. 


Paranepanthia platy- 
disca. 

Bythiolophus acanthi- 
nus. 

Brisingenes mimica. 

Brisingenes anchista. 
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4, Gulf of Boni— 


Cheiraster triplacanthus. Crossaster scotophilus. 

Benthopecten _polycte- Diplopteraster multipes 
nius. patagiatus. 

Nymphaster arthrocne- Pedicellaster chirophor- 
mis. Us. 


5. Flores Sea: Cheiraster ludwigi. 
(d) Species taken only among the Molucca Islands: 


Prionaster megaloplax. Dissogenes styracia. 
Psilaster robustus. Xenorias polyctenius. 
Benthopecten moluccanus. Pteraster corynetes. 
Nymphaster moluccanus. Zoroaster microporus. 


Anthenoides granulosus. 


(e) Species common to the Molucca and Hawaiian Islands: 
Dipsacaster nesiotes. 


(f) Species common to the Moluccas and Philippines, lists 2 and 7 
under II. 


(9) Bathymetric Distribution (see also 7 under IT): 
. From less than 100 fathoms: Ferdina glyptodisca. 
. From between 100 and 200 fathoms: 


Persephonaster tenuis. Marginaster paucispinus. 
Dissogenes styracia. 


3. From between 200 and 300 fathoms: 


Prionaster megaloplax. Anthenoides granulosus. 

Dipsacaster nesiotes. Paranepanthia platydisca. 

Luidia orientalis. Xenorias polyctenius. 

Nymphaster moluccanus, Pteraster corynetes. 

Anthenoides lithosorus. Astrostephane moluccana. 
4, From between 300 and 500 fathoms: 

Benthopecten moluc- Diplopteraster multipes 

canus. patagiatus. 
Solaster tropicus. Tarsaster distichopus. 


Pedicellaster chirophorus. 
5. From between 500 and 700 fathoms: 


Psilaster robustus. Cheiraster ludwigi. 
Persephonaster multi- Radiaster notabilis. 

cinctus. Aphroditaster micro- 
Cheiraster triplacanthus ceramus. 


(700). 
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Nymphaster arthrocnemis. Bythiolophus acanthinus. 
Crossaster scotophilus (700). Brisingenes mimica. 
Myzxaster medusa. Brisingenes anchista. 


Zoroaster microporus. 
6. From between 701 and 901 fathoms: 


Persephonaster mono - Benthopecten styracius 
stoechus. (901). 

Koremasier evaulus. Hymenaster rhodopeplus. 

Benthopecten __polycte- Freyellaster spatulifer (901). 
nius. 


7. From between 901 and 1,200 fathoms: Pseudarchaster oli- 
goporus (1092). 


V. RELATIONSHIPS OF CELEBES-MOLUCCAN SPECIES. 


As already pointed out in Section I there are 19 species common 
to the Philippines, Celebes, and Moluccas, or the seas to the south. 
The Moluccan area is included in the range of most of the 25 Indo- 
Pacific species listed in Section I, a, 6, and ec. 

In the table below are listed 24 Celebes and Moluccan species (not 
collected outside this region) and their nearest known relatives. 
Nine have relatives in the Bay of Bengal, Laccadive Sea, or Indian 
Ocean adjacent to these areas; 3 have Philippine affiliations; 3 show 
a tendency toward Japanese forms, and 2 have Hawaiian relations 
(in addition to one, Dipsacaster nesiotes, common to the two regions). 
The remainder are scattered as far as the Azores, Marion Island, and 
the north Atlantic. 


SoME CELEBES AND MOLUCCAN SPECIES WITH APPARENT NEAREST RELATIVES. 








Celebes-Moluccan species. Related species. Habitat of related species. 
Prionaster megaloplar........---.- PP analogus Wishen.-):- seen saceee Philippine Islands. 
Psilaster robustus..........-.-+-:- PP Gotot Fishers.) sean ceen ccna oe Do. 

Persephonaster multicinctus........ BD router oe uler ss. erence tease Indian Ocean. 

P. cingulatus (Fisher).......-...-.-- Hawaiian Islands. 
Persephonaster monostoechus....... P. croceus Alcock and Wood-Mason..| Gulf of Manaar. 
Cheiraster Vudwigt 3.225 i cee scene C. trullipes (Sladen) not close. ...... West of Luzon. 
Cheiraster triplacanthus........-.-- C. subtuberculatus (Sladen).......... Off eastern Australia. 
Benthopecten moluccanus........-. | B. huddlestonii (Alcock)..........-.. Bay of Bengal. 
Benthopecten polyctenius......-..-- | be Clolaceus: (Alcock) toe-seccescsece Laccadive Sea. 
Benthopecten styracius........-..-- B. violaceus (Alcock)........-:-...-- Do. 

BS DOLCtENTUS SS Rene sece eaten Celebes. 
Radiaster notabilis...............-- Rotizards (Sladen) sa eseneceeeaecee North Atlantic. 

Re elegansrherrienenacoaeneecentoe West Indies. 
Pseudarchaster oligoporus........- P. pectinifer Ludwig (not close).....- Eastern Pacific. 

P. dissonus Fisher (not close)......-. North Pacific. 
A phroditaster microceramus......-- A gracilis Sladen. seco. een ae ae Azores. 

ymphaster moluccanus.......---- N. ludwigi (Koehler)...............-. Vicinity Laccadive Islands. 

Anthenoides granulosus.........--- A. epiranthus (Fisher).............. Hawaiian Islands. 
Ferdina glyptodisca............-.-- Ei. Of TEE EOC DION neice nse eae Ceylon and Andaman Islands. 
Paranepanthia platydisca.........- P. brachiata (Koehler)......-....-..- Andaman Islands. 
MOLISE TRO DICUS = sa) as sone ec nwo S. pazillatus Sladen.............--.- Japan; North Pacific. 
Crossaster scotophilus...........--- C. japonicus (Fisher)...............- Japan. 

C. penicillatus Sladen. .............- Marion Island. 
Myzaster medusa............---0-- ME GOWER OLE Eesee sett ese ae Atlantic. 
LET OBLED CONUNELES 2. sons ak cca a P. semireticulatus Sladen............| Marion Island. 
Diplopteraster m. patagiatus....... D. multines (SATS) os.) j.se nse onainae North Pacific; north Atlantic. 
Hymenaster rhodopeplus.......-.-- H. nobilis Sladen.......2..-.2..2-0.- South of Australia. 

ET. ROeRIETEMASHOL. ooh. sins sine cee sees North Pacific. 
Zoroaster Microporus....-....----- Z, DOTatint, AICOCKs..- cans ssscre sete. Bay of Bengal. 
Tarsaster distichopus........------ | 1’. stoichodes Sladen.........-..----- North of Admiralty Islands. 
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Previous to the Albatross expedition Goniopecten and Prionaster, 
two well-marked genera composing the Goniopectininae, were known 
only by a single species each from the West Indies. <A very different, 
nearly subgenerically distinct species of Goniopecten was collected 
in the Philippines, and 3 new forms of Prionaster were added, one 
of which is close to the type, while the others are entirely different. 
The capture of a very distinct Ctenodiscus in the Philippine and 
Moluccan region greatly extends the range of this genus. 

A new species of the Indian genus Sidonaster was added, and the 
range of Sidonaster vaneyi greatly extended. 

The number of new, delicate deep-water Astropectens and of new 
Persephonasters, Luidias, Benthopectens, Rosasters, and Nymphas- 
ters is perhaps noteworthy. 

The following genera previously known only from distant Atlantic 
stations have provided each a new species: Radiaster (olim Mimas- 
ter), Aphroditaster, Peltaster, Marginaster, and Myzxaster. 

The well-known Diplopteraster multipes is represented in Celebes 
waters by a small species or subspecies apparently most nearly re- 
lated to the Japanese variant of true multipes. 

Additions to genera first made known by the Albatross in Ha- 
waiian waters in 1902 are as follows: 

Ctenophoraster (second species). 

Tritonaster (second species). 

Patagiaster (second species). 

Astroceramus (third and fourth species). 

Among the new generic types the following are rather isolated: 
Benthogenia, Atelorias, Dissogenes, Tarachaster, Bythiolophus. 

The following are also monotypic, but their nearest relatives are 
fairly obvious and are indicated in parentheses: 

Astromesites (Persephonaster). 

Anthosticte (Tethyaster, Moiraster). 

Perissogonaster (Paragonaster). 

Pontioceramus (Eugoniaster and Plinthaster). 

Astrothauma (Calliaster). 

Halityle (Culcita and Oreaster; a second species subsequently 
described). 

Xenorias (Rhipidaster). 

Hymenasterides (Hymenaster). 

Additional new genera: 

Ctenopleura (Astropecten). 

Koremaster (Dytaster). 

Lithosoma (Iconaster). 

Paranepanthia (Nepanthia). 

Freyellaster (Freyella). 

Brisingenes (Brisinga). 
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Brisingella (Brisinga). 

Astrostephane (Brisinga). 

Craterobrisinga (Brisinga). 

Stegnobrisinga (Brisinga). 

Taking the collection asa whole it is characterized by the numer- 
ous species belonging to the Phanerozonia (139) and the few which 
fall in the Spinulosa and the Forcipulata, these being mainly deep- 
water forms. There are but 3 species of Asteriidae, a family very 
poorly represented at any depth in the Tropics, while extraordinarily 
numerous in the north Pacific, particularly on the American coast. 
The census of species by families is as follows: 


Porcellanasteridae, 4. Poraniidae, 1. 
Goniopectinidae, 5. Asterinidae, 9. 
Astropectinidae, 36. Echinasteridae, 6. 
Luidiidae, 8. Acanthasteridae, 2. 
Archasteridae, 2. Solasteride, 4. 
Benthopectinidae, 12. Myxasteridae, 1. 
Radiasteridae, 1. Pterasteridae, 7. 
Goniasteridae, 39. Zoroasteridae, 6. 
Oreasteridae, 9. Asteriidae, 3. 
Linckiidae, 21. Pedicellasteridae, 3. 
Metrodiridae, 1. Brisingidae, 12. 


Ganertidae, 1. 

The following species attributed to the Philippine Islands were 
not secured by the Albatross expedition: 

Astropecten imbellis Sladen; Sladen, 1889. 

Dystaster inermis Sladen, Celebes Sea; Sladen, 1889. 

Cheiraster trullipes (Sladen); Sladen, 1889. 

Anthenea spinulosa (Gray); Gray, 1840. 

Oreaster productus tuberatus (Sladen); Sladen, 1889. 

Pentaceropsis obtusata (Bory de Saint Vincent); Sladen, 1889. 

Ophidiaster pusillus (Miller and Troschel) ; Miiller and Troschel, 
1842. 

Nardoa obtusa (Perrier) ; Perrier, 1875. 

Freyella echinata Sladen; Sladen, 1889. 


LIST OF STARFISHES RECORDED FROM CELEBES AND THE MOLUC- 
CAS, INCLUDING BOURO, AMBOINA, AND CERAM. 
Species marked with an asterisk were taken by the Albatross in 
this region. 
Acanthaster planci (Linnaeus). Bay of Amboina (de Loriol, 
°93:387; Déderlein, ’96:320); Moluccas (Sluiter, ’95:63).1 
Anthenea flavescens (Gray). Moluccas (Sluiter, ’95:305). 





1 These abbreviated citations refer to Bibliographic index; the first figure indicates the 
year, the second the page. 
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‘ 

*Anthenoides granulosus Fisher. Between Gillolo and Kayoa, 
Moluccas. 

* A nhroditaster microceramus Fisher. Buton Strait, Celebes. 

Archaster typicus Miiller and Troschel. Bay of Amboina (de 
Loriol, 93: 378; Déderlein, 96: 305) ; Batjan, Moluccas (von Martens, 
66: 84) ; Moluccas (Sluiter, 95:52). 

Asterias tenuispina Lamarck. Moluccas (Miiller, Wieg. Archiv., 
43) .2 

Asterina cepheus (Miiller and Troschel). Bay of Amboina (de 
Loriol, 93: 383; ’96:316) ; Moluccas, Amboina (Sluiter, 95:59). 

Asterina coronata von Martens. Batjan, Moluccas; Amboina 
(von Martens, ’66: 73). 

Asterina exigua (see Patiriella exigua). 

Asterina penicillaris (see Asterinopsis penicillaris). 

Asterinopsis penicillaris (Lamarck). Moluccas. (von Martens, 
66: 74). 

Asterope carinifera (Gray). Amboina (von Martens, 66:74; 
Déderlein, 96:316); Moluccas (Sluiter, ’95:59). 

Astropecten acanthifer Sladen. Banda Sea (Sladen, 1889). 

Astropecten alatus Perrier. Amboina [Ambon] (Sluiter, ’95:53; 
Déderlein, 1917:174). 

Astropecten andersoni Sladen. Moluccas (Déderlein, 1917:177). 

Astropecten bandanus Déderlein. Banda Sea, 204 meters (Déder- 
lein, 1917:50, 118, 175). 

Astropecten celebensis Déderlein. South Celebes, 462 meters (Dé6- 
derlein, 1917: 50,118,175). 

Astropecten polyacanthus Miiller and Troschel. Amboina (de 
Loriol, 93) ; Moluccas (Sluiter, 95:53). 

Astropecten ternatensus Sluiter. Moluccas (Sluiter, 95:53)? 

Astropecten velitaris von Martens. Amboina (von Martens, 
°65:360); Déderlein, 96:307). Macassar, 27-32 meters (Déderlein, 
1917: 159),. 

Astropecten zebra sibogae Déderlein. Macassar, 27-32 meters (D6- 
derlein, 1917:54, 156, 182). 

* Astrostephane moluccana Fisher. Buton Strait, Celebes; vicin- 
ity of Kayoa and Gillolo, Moluccas. 

* A telorias anacanthus Fisher. Gulf of Boni, Celebes. 

* Benthopecten moluccanus Fisher. Molucea Passage. 

* Benthopecten polyctenius Fisher. Gulf of Boni, Celebes. 

* Benthopecten styracius Fisher. Strait of Macassar. 

* Brisingenes anchista Fisher. Buton Strait, Celebes. 

* Brisingenes mimica Fisher. Buton Strait, Celebes. 
Bunaster ritteri Déderlein. Amboina (Déderlein, 96:318). 








1 Possibly Coscinasterias calamaria. 
2 See Déderlein, 1917, p. 72. Déderlein considers this species to be A. irregularis serrata 
Miiller and Troschel “ mit unrichtigem fundort.” 
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* Bythiolophus acanthinus Fisher. Buton Strait, Celebes. 

* Cheiraster niasicus Ludwig. Gulf of Boni, Celebes; Molucca 
Passage; vicinity of Gillolo, Makyan and Kayoa, Moluccas. 

* Cheiraster triplacanthus Fisher. Gulf of Boni, Celebes. 

* Choriaster granulatus Liitken. Togian Bay, Togian Island, Gulf 
of Tomini, Celebes. 

* Cnemidaster wyvillii (Sladen). Gulf of Tomini, Celebes. 

* Coronaster halicepus Fisher. Off Molucca Passage. 

* Crossaster scotophilus (Fisher). Gulf of Boni, Celebes. 

* Ctenodiscus orientalis Fisher. Molucca Passage; Gulf of Boni 
and Gulf of Tomini, Celebes. 

Culcita arenosa* Perrier. Amboina; Ceram Laut (Hartlaub, 92) ; 
Amboina (Déderlein, ’96:315). 

Culcita grex Miiller and Troschel. Moluccas (Hartlaub, ’92) ; 
Bay of Amboina (de Loriol, ’93:382). 

Culcita novae-guineae Miiller and Troschel. Amboina (Hartlaub, 
°92; Déderlein, 96:310); Moluccas (Sluiter, 95:51). 

Culcita plana* Hartlaub. Amboina (Hartlaub, ’92). 

Culcita schmideliana (Retzius). Amboina (von Martens, *66:71, 
as C. discoidea). 

* Diplopteraster multipes patagiatus Fisher. Gulf of Boni, 
Celebes. 

* Dipsacaster nesiotes Fisher. Between Gillolo and Makyan, 
Moluccas. 

* Dissogenes styracia Fisher. Off Ternate. 

Dytaster inermis Sladen. North of Celebes (Sladen, ’89). 

* Echinaster callosus von Marenzeller. Binang Unang Island, 
Gulf of Tomini, Celebes. 

Echinaster eridanella Miiller and Troschel. (See Othilia erida- 
nella). 

Echinaster purpureus Gray. (See Othilia purpurea.) 

* Ferdina glyptodisca Fisher. Buton Strait, Celebes. 

* Freyellaster spatulifer Fisher. Strait of Macassar. 
_ Fromia milleporella (Lamarck). Amboina (von Martens 66:70) ; 
Moluccas (Sluiter 95:60). 

Fromia monilis Perrier. Amboina (Studer, ’84:30). 

[Goniaster cuspidatus (Gray). Celebes (von Martens, ’66: 86, as 
semilunatus) ]. 

Goniodiscaster pleyadella (Lamarck). Moluccas (von Martens, 
66:86). 

Gymmnasteria carinifera. (See Asterope carinifera). 

* Hymenaster rhodopeplus Fisher. Gulf of Tomini, Celebes. 

* Hymenasterides zenognathus Fisher. Molucca Passage, near 
Makyan Island. 





1 Regarded as a race or variety of novaeguineae. 
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Koremaster evaulus Fisher. Gulf of Tomini, Celebes. 

Leiaster leachii (Gray). Moluccas (Sluiter, ’95:60). 

Linckia laevigata (Linnaeus). Strait of Macassar, Celebes; Bat- 
jan, Moluccas; Amboina (von Martens, ’66:65); Bay of Amboina 
(de Loriol, 93:385; Déderlein, ’96:319). 

Linckia guildingii Gray. Amboina (Sluiter, 95:60, as pacifica). 

* Linckia multifora (Lamarck). Strait of Macassar, Celebes; 
Amboina (von Martens, ’66:66; Sluiter, 95:60; and Déderlein, 
°96:319, Amboina) ; Tomahu Island, near Bouro Island (Albatross). 

Linckia rosenbergi von Martens. Amboina (von Martens, ’66: 64). 

Luidia maculata Miller and Troschel. Bay of Amboina (de 
Loriol, 93:379). 

Metrodira subulata Gray. Amboina (von Martens, °67:109; 
Studer, 84:31). 

Mithrodia clavigera (Lamarck). Moluccas (von Martens, 66:59, 
as Echinaster echinulatus; Sluiter, 95:83); Amboina (Déderlein, 
96 : 322), 

* Mywaster medusa (Fisher). Gulf of Tomini, Celebes. 

Nardoa galatheae (Liitken). Togean Island, Gulf of Tomini, 
Celebes (Sladen, ’89). 

Nardoa novae-caledoniae (Perrier). Moluccas (Sluiter, 95:60). 

Nardoa pauciforis (von Martens). Amboina (Sluiter, 95:61). 

Nardoa semiregularis (Miiller and Troschel). Moluccas (Sluiter, 
95°61). 

* Nardoa tuberculata Gray. Amboina (von Martens, 66:61, as 
Linckia tuberculata; de Loriol, ’93:386; Déderlein, ’96:319) ; Moluc- 
cas (von Martens, 66:61; Sluiter, 95:61); Great Tobea Island, 
Buton Strait, Celebes (Albatross). 

Nectria ocellifera (Gamarck). Amboina (Ambon) (Sluiter, 
795: 55). 

Nymphaster moluccanus Fisher. Vicinity of Makyan, Gillolo, and 
Kayoa, Moluccas. 

* Nymphaster arthrocnemis Fisher. Buton Strait, Celebes. 

Ophidiaster cylindricus (Lamarck). Amboina (Sluiter, 795: 60; 
Moluccas (Sladen, ’89). 

* Onhidiaster fuscus (Gray). Kalono Point, Buton Strait, Celebes. 

Ophidiaster purpureus Perrier. Bay of Amboina (de Loriol, 
93 :385; Moluccas (Sluiter, 95:60). 

Ophidiaster pusillus Miiller and Troschel. Moluccas (Sluiter, 
95:60). 

Ophidiaster pustulatus (von Martens). Amboina (von Martens, 
66:63; Déderlein, ’96:317). 

Oreaster affinis (Miiller and Troschel). Moluccas (Sluiter, 95:55). 

Oreaster grayi Bell. Moluccas, Amboina (Sluiter, 95:55). 

Oreaster hiuleus (Gray.) Moluccas (Sluiter, 95:56). 
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Oreaster linckii (de Blainville). Moluccas (Sluiter, ’95:56, as 
muricatus) . 

Oreaster nodosus (Linnaeus). Bay of Amboina (de Loriol, ’93: 
380, as turritus) ; Moluccas (Sluiter, 95:56, as twrritus). 

' Oreaster sladeni (de Loriol). Moluccas (Sluiter, ’95:56). 

Oreaster reinhardti Liitken. Ternate (Sluiter, 95:56). 

Othilia eridanella Miiller and Troschel. Bay of Amboina (de 
Loriol, 93:391; Déderlein, ’96:322; Moluccas (von Martens, *66: 85; 
Sluiter, 95:64). Probably the same as O. purpurea. 

Othilia purpurea Gray. Amboina (von Martens, ’66:60, as E’chi- 
naster fallax; 67:107, as purpureus) ; Moluccas (Sluiter, ’95:64). 

* Paranepanthia platydisca (Fisher). Buton Strait, Celebes. 

Patiriella exigua (Lamarck). Bay of Amboina (de Loriol, 
793: 384; Moluccas (von Martens, 66:74; Sluiter, ’95:59). 

*Pectinaster hylacanthus Fisher. Molucca Passage. 

*Pectinaster mimicus (Sladen). Gulf of Tomini, Celebes; Ma- 
eassar Strait; Gulf of Boni, Celebes; off Batjan, Moluccas (AJlbda- 
tross). . 

*Pedicellaster chirophorus Fisher. Gulf of Boni, Celebes. 

Pentaceropsis obtusata (B. de St. Vincent). Amboina (de Loriol, 
93: 381; Déderlein, 96: 310); Moluccas (von Martens, 66: 82). 

*Persephonaster monostoechus Fisher. Gulf of Tomini, Celebes. 

*Persephonaster multicinctus Fisher. Buton Strait, Celebes. 

*Prionaster megaloplax Fisher. Vicinity of Gillolo, Makyan, and 
Kayoa, Moluccas. 

*Pseudarchaster jordani Fisher. Molucca Passage. 

*Pseudarchaster oligoporus Fisher. Gulf of Tomini, Celebes. 

*Psilaster robustus Fisher. Batjan Island, Moluccas. 

*Pteraster corynetes Fisher. Molucca Passage. 

*Radiaster notabilis Fisher. Batjan Island, Moluccas; Gulf of 
Tomini, Celebes. 

Retaster insignis Sladen. Amboina (Simpson and Brown, 1910: 
60, as eribrosus). 

Solaster tropicus Fisher. Gulf of Boni, Celebes; Molucca Pas- 
sage. 

ee ae placoderma Fisher. Buton Strait, Celebes. 

Stellaster belcheri Gray. Amboina (Gray, ’47:76). 

Stellaster incei Gray. Amboina (Sladen, ’89). 

*Tarsaster distichopus Fisher. Strait of Macassar. 

* Yenorias polyctenius Fisher. Off Makyan, Moluccas. 

* Zoroaster microporus Fisher. Off Amblan Island (near Bouro 
Island) Moluccas. 

* Zoroaster ophiactis Fisher. Gulf of Tomini and Buton Strait, 
Celebes. 
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LIST OF DREDGING STATIONS AT WHICH STARFISHES WERE 
SECURED, WITH THE SPECIES TAKEN AT BACH. 





Sta- 
tion. 


5099 


5104 


5109 


$111 


5112 
5113 
5114 
5115 


5116 


5117 
5118 
§121 
5122 
5124 
5123 


5126 


5134 
5135 


5136 
5138 
5140 
5141 
5144 
5145 
5146 


5147 
5149 


5152 
5153 


5156 


5157 


5158 





| 
Bot- 




















Locality. Depth.| Nature of bottom.| tom Species taken. 
temp. 
Fath- 
oms. Sine 

4.8 miles SW. Corregidor Gray mud, sand, |........ Astropecten velitaris. 
Light (14° 18’ 55” N.; shells. 
120° 31’ 20” E.). 

China Sea, off southern Oy! asin cesadeelse ses ashes ssn Astropecten phragmorus. 
Luzon (14° 45’ 48” N.; 
120° 12’ 20’ E.). 

25.8 miles SW. Corregidor 103|Coralenc. comccetonelesee nese Othilia purpurea. 

Light (14° 3’ 45’ N.; 120° 
16’ 30” E.). 
Balayan Bay, Luzon (13° 236 Astropecten luzonicus, Perse- 
45! 15’’ N.; 120° 46’ 30’ E.). phonaster anchistus, Cheiraster 
inops. 
177 Astropecten luzonicus. 
159 Perissogonaster insignis. 

Verde! Island Passage, N. 340 Persephonaster habrogenys, 
coast Mindoro. Nymphaster meseres. 

eee GO socks ciiddiotescoSrscces| OLN acct coc cs clomcees aleeE ce oon | LU LDSacastermamupentalis., “NU Iie 
phaster meseres. 

Mouth of Balayan Bay, DOOM S cdcsccnt Matece wee 50.2 | Persephonaster anchistus, Nym- 
Luzon. phaster mucronatus, Pontro- 

ceramus grandis. 

Balayan Bay, Luzon......... 118 | Dark-green mud..}........ Paragonaster c. hypacanthus, 
Anthenoides cristatus. 

Sern ss Oscicesectee cationic neeen = 159) || 508 GOs o tes oe eee cleciees seul eensssoponmsrenanstgnts. 

East ca of Mindoro (vi- 108 | Dark-green mud. .|........ Goniopecten asiaticus, Anthe- 
cinity Malabrigo Light). noides cristatus, Anthenoides 

rugulosus. 

series do.................------| 220 | Green mud......../........| Cheiraster gazellae, Anthenoides 
rugulosus. 

Off Pt. Origon, E. coast 281 | Soft-green mud..../........ Zoroaster c. philippinensis. 
Mindoro. 

seeee O...........cceee0e-e5--| 283 | Green mud........|........| Prionaster analogus, Persephon- 
aster oediplar, Lithosoma peni- 
chra, Zoroaster c. philippinen- 
sis, Brisingella fragilis. 

Sulu Sea, vicinity southern 742 | Soft-green mud....) 49.5 | Ctenodiscus orientalis. 

Panay “(los 48’ N.; 121° 
48’ 30” E.). 

Vie. Basilan Island, Sulu 25a Mine sandesee see hee Astropecten eucnemis. 
Archipelago. nis 

11.9 miles NE. of Jolo Light, 161 | Fine coral sand....| 57.4 | Astroceramus sphaeriostictus. 
Jolo (16° 11’ 50” N.; 121° 
08’ 20” E. 

Off Jolo Lig Sere osc otlee 20): Sand shellseeseees|see secas Oreaster alveolatus, Culcita 

novae-guineae. 

S408 COnccrasascccemensictscces 19 | Sand, coral........|........| Echinaster callosus. 

atatetate GO see ates aes ees seabeele 76 | Fine coral sand....|........| Echinaster stereosomus. 

Off ele Hightsiolossecsesces 29 | Coral ae Reape Peale Saeko Oreaster alveolatus. 

ede sO0scccs Gas Seeemeteaaaeee 19) | 232d0.2 55. cedscee|bo.0.2 22) Peetastenertbrosus. 

een CO ansamane ai tansiometiajicere 23 | Coral Baud shells..|........| Culcita n. plana. 

Off Balade Id., SW. of Jolo.. DAN sree Comets Fo Ree eee | Oreaster alveolatus, Fromia eu- 
sticha, Anseropoda macro- 
pord. 

B dtotee: OO. 35 dipaes cadnasceessees Dooce U0 secccswwacsccloce ss coe|| Opnidiasrentwuertyer- 

Off Sirun Id., Tawi Tawi L105 KCoral” shelists. 22 cc|sseseeee Oreaster alveolatus, A sterodiscus 
Group. helonotus, Acanthaster brevi- 

spinus. 

Off Pajumajan Id., Tawi 34) White sandianjs2.ce|acecsces Rosaster nannus. 

Tawi Group. AN : 

Off Pt. Dos Amigos, Tawi 49 | Coral sand, shells. .|........ Ophidiaster tuberifer. 
Tawi ee 18’ 10” N.; 120° 
9 55!" 

Off Tinakta Id., Tawi Tawi 18 | Fine sand, shells..|........ Astropecten phragmorus, As- 
Group (5° 12! 50’ N.; 119° tropecten velitaris, Stellaster 
55’ 55’ E.). incei. 

Becen Os csvetas theeca eee sacs 18 | Finesand.........|........| Astropecten phragmorus, Ne- 
panthia maculata, Astropecten 
velit aris, Luidia longipina, 
Stellaster incei. 

poet GOs saccnscee at nee acne 12 | Coarsesand,shells.|........| Astropecten phragmorus, Othilia 





purpurea, Astropecten veli- 
taris, Luilia prionota, Stellas- 
ter incei. 


LIST 


Sta- | 
tion. | 


5159 


5160 
5161 


5163 


5164 
5165 


5166 
5174 
5178 
5181 


5182 


5183 
5189 
5197 
5198 
5201 
5207 
5208 
5209 
5212 


5214 
5215 
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DREDGING STATIONS AT WHICH STARFISHES WERE 


SECURED, WITH THE SPECIES TAKEN AT HACH—Continued. 


Locality. 


Off TinaktaId., Tawi Tawi 
Group (5° 12’ 50’ N.; 119° 
55’ 55” B.). 


eee meme e ween 


wwe DO. ccc w ew wee ee ewww en ennee 


Off Observation Island, 
Tawi Tawi Group (5° 01’ 
a N.; 119° 52/ 20’’ E.). 


wees eee ene 


Off Pt. Origon, Romblon, 
12° 43’ N.; 122° 06’ 15”’ E. 
Vic. Antonio Id., off eastern 
Panay, 110° 36’ 40’ N.; 

123° 26’ 35” E. 


erreee Peer errr reer eee re 


Between Feney and Negros, 
10° 32’ 48’’ N.; 122° 26’ E. 
Tanon Str., E. coast of Negros 
Off Baliscasag Id., W. 
Bohol, 9° 52’ 30’’ N.; 123° 

40’ 45” E, 
GOe Mees Seda obec es 
Bofod Bay, southern Leyte 
NE. of Badian Id., off W. 
Samar. 
NW. of Taratara Id., off W. 
Samar. 


amar. 
East of Masbate Id.........- 
NE. of Taratara Id., off W. 


Samar. 
East of Masbate Id 





Between Burias and Luzon 
(off Anima Sola Id.). 


www ee DO. www www ewww ween eenn= 


Between Marinduque and 
Luzon. 


9.5 miles SW. Corregidor 
Light, Luzon. 

E. coast of Mindanao, 9° 43’ 
N.: 125° 48’ 15’’ E. 

Gulf of Davao, Mindanao.... 


wee DO ccc ween nner nnennennen 


www ee De ww www enn nner nnneananee 





NE. of Taratara Id., off W. . 

















Bot- 
Depth.| Nature of bottom. | tom Species taken. 
temp. 
Fath- | 
oms. S 
10°} (CoralisanGevssasasisec sees Astropecten polyacanthus, F'ro- 
mia japonica, Othilia pur- 
purea, Nardoa lemonniert, 
Nardoa frianti, Lwuidia sa- 
vignyi, Goniodiscaster forfi- 
culatus. 
Ii Bandscccmccestececteet eee Culcita n. plana, Nardoa tumu- 
losa, Othilia purpurea. 
16 | Fine sand, black |........| Astropecten phragmorus, Ne- 
specks. panthia maculata, Astropecten 
velitaris, Stellaster incet. 
28 | Coral sangsoo ee coelean acts Nardoa frianti. 
18 | Green mud Othilia purpurea. 
9) Coral coecsesce Astropecten polyacanthus, Ha- 
lityle regularis, Luidia aspera, 
Leiaster analogus, Archaster 
anqulatus, Oreaster alveolatus, 
Othilia purpurea. 
97 | Coral sand......... 69.4 | Iconaster perierctus. 
20 | Coarse sand.......|.......- Astropecten polyacanthus, As- 
tropecten vappa inaequalis, 
Iconaster longimanus. 
78 || Hine Sand sccseescleeoe sce Patagiaster sphaerioplar. 
26 | Mud, fine sand ..-..|........ Astropecten phragmorus, Astro- 


24 


96 
300 
174 
220 
554 

35 

26 

20 
108 


218 


604 





Fine sand, mud... 


Soft green mud.... 


Gray sand, mud.. 


Green mud, sand.. 
Soft green mud.... 
Green mud 


Gray sand, mud. . 


Coarse gray sand.. 


Coarse sand 
Green mud 


Cora 


See er 





pecten monacanthus, Luidia 
prionota, 

Astropecten velitaris, Astro- 
pecten monacanthus, Astro- 
ecten eucnemis, Luidia 
ongispina. 


eeeeeeee 


63.4 | Zoroaster c. philippinensis. 
62.8 | Luidia gymnochora. 
54.3 | Paragonaster c. hypacanthus. 


Anthenoides rugulosus. 
Ceramaster smithi. 
Craspidaster hesperus. 


Stele sicme Craspidaster hesperus. 

Craspidaster hesperus, Luidia 
longispina. 

Astropecten eucnemis, An- 
thenoides cristatus, Pholidaster 
squamatus. 

Pholidaster syuamatus. 


Sidonaster vaneyi, Persephon- 
aster oediplar, Zoroaster Cc. 
philippinensis, Brisinga tra- 
chydisca. 


63.1 | Nymphaster leptodomus, Zoro- 

aster c. philippinensis. 

Sere neta | Coronaster halicepus, Odinia 
penichra. 

pee ea eats Othilia purpurea. 

coee aes Astropecten cremicus, Perseph- 
onaster oediplar, Henricia ar- 
cystata. 

ees Coronaster volsellatus. 

Boe aes Craspidaster hesperus, A stro- 
pecten phragmorus. 

Seana Ophidiaster fuscus, Othilia pur- 
pured. 

eee aah Othilia purpurea. 

eb seiets Fromia japonica, Ophidiaster 





Juscus. 
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LIST OF DREDGING STATIONS AT WHICH STARFISHES WERE 
SECURED, WITH THE SPECIES TAKEN AT EACH—Continued. 














Be Locality. 

5252 | Gulf of Davao, Mindanao ... 

5253 |..... OO sacsencseesaaiees cc\ee 

52549). So. COs eee na enciccaisceletae 

5259 CEN Panay, vic. Caluya 

5260 | Off southeastern Mindoro.... 

5265 | Batangas Bay, Luzon.......- 

5268 |..... Govan scuaciasicnccocmecee 

5272 | Off Corregidor Light, Luzon. 

DZS) |eaee GOse oe canes a emcescis si 

5274 | Between Lubang and Luzon, 
SW. of Manila Bay. 

D218))| cee GO eee ene Cetasiiatnels 

S270 seca GOv eee wccinsencc ewes ciscice's 

5280 |<... COM ee seen scene sasise secre 

28. leatane GO oesecosatees acres 

6282))||ccraea Ger ccescdeasseeecacees 

5289 | Verde Id. Passage, N. coast 
Mindoro. 

5290 | Verde Island Passage, off 
Batangas Bay, Luzon. 

5296" Pence GOCE oe eec steer csctcimee 

5207) Hancieis Oasis saline sive ecilalsilee » 

5298 |..... COs reece reat pcrcictere 

5299 |..... COnses os- Leds icistate ninisietslne 

5301 | China Sea, vic. Hongkong; 
20° 37’ N.; 115° 43’ BE. 

5302 | China Sea, vic. Hongkong; 
21° 42’ N.; 114° 50’ E. 

5310 | China Sea, vic. Hongkong; 
21° 33’ N.; 116° 13’ E. 

5325 | Vie. Hermanos Id., off N. 
Luzon. 

5326 }--..-- DO se lessewesws saree homie 

5328 |..... CO Se oe ee ace ce nene cide 

5329" | eeerne GO de csceacaewieassensuas 

5332 | Mindoro Strait; 12° 37’ 15” 
N.; 120° 41’ E. 

5335 | Linapacan Strait, N. of 
Palawan Id.; 11°37’ 15’ N.; 
119° 48’ 45” E. 

5342 | Malampaya Sound, Palawan 
Id.; 10° 56’ 55” N.; 119° 17’ 
24” E. é 

5345 

5346 

5348 | Palawan Passage; off Pt. 
Talbonan. 

5349 |... ... COs cccwesonercineintn es tiene 
5356 | N. Balabac Strait; 8° 06’ 40’ 
N.; 117° 18’ 45” E. 

BS eileen « OOe ceo e eee meee ener 
5358 | Off Sandakan Harbor, 

Borneo. } 








Bot- 
Depth.| Nature of bottom.| tom Species taken. 
temp. 
Fath- 
oms. oF. 

28) Coralien sacs ssaaas|loaeceee Retaster insignis. 

OR eee GOs eee ae Oreaster alveolatus, Retaster 
insignis, Nardoa squamulosa, 
Ophidiaster fuscus, Othilia 
purpurea. 

21lSand, Corals oscsee aaa cines Oreaster nodosus, Oreaster al- 
veolatus. 

312 | Gray mud, Glo- Zoroaster c. philippinensis. 

bigerina. 

234 | Green mud, sand.. Anthenoides rugulosus. 

135)| Sand); mudi <s2<<22|-.c- ccs Paragonaster c. hypacanthus, 
Zoroaster c. PR Tep panes 

170 | Sand, pebbles. ....|......-. Zoroaster c. philippinensis, As- 
tropecten tenellus. 

118 | Mud, shells, coral, Ctenophoraster diploctenius, 

sand. Lithosoma actinometra, Zoro- 
aster c. philippinensis. 

14 Sees G0seaneseascees|sceseoee Paragonaster c. hypacanthus, 
Zoroaster c. philippinensis, 
Pontioceramus grandis, Litho- 
soma actinometra. 

525 | Gray mud, sand... Ctenodiscus orientalis, Stegno- 
brisinga placoderma. 

102 Hine and, mud, Zoroaster c. philippinensis. 

shells. 

117) <Greentmud. se oseo |e a Peltaster cycloplar. 

193 | Gray sand........- Calliaster corynetes. 

201 | Dark gray sand... Rosaster mimicus, Coronaster 
halicepus. 

2ASh| Seas GOyscccecanee Rosaster mimicus, Zoroaster c. 
philippinensis. 

172 | Brokenshells, sand Astromesites compactus, Per- 
sephonaster e. Obrevispinus, 
Paragonaster stenostichus. 

914) |) aval eTavel <<-cesis)a ce ences Persephonaster e. brevispinus. 

210 | Mud, sand......-..|.... ...-| Astromesites compactus. 

198 | Mud, shells.......}........ Persephonaster curyactis, Para- 
gonaster stenostichus, Zoro- 
aster c. philippinensis. 

1407|*Sandeeeeaeesesicee|eecneee- Zoroaster c. philippinensis. 

524 | Gray mud, sand..|......-.. Zoroaster ophiactis. 

208 | Gray mud, sand. . Persephonaster anchistus, Perse- 
phonaster tenuis, Luidia 
orientalis, Anthenoides litho- 
sorus. 

38 | Soft gray mud.... Persephonaster tenuis (?) 

100 | Sand, shells.......|........ Marginaster paucispinus. 

224 | Green mud....... Persephonaster luzonicus, Zo- 
roaster c. philippinensis. 

230) MI leis serene miei Persephonaster luzonicus, Zo- 
roaster c. philippinensis. 

150 | Blue mud......... Persephonaster luzonicus. 

Bea sci GOewecesaceen Do. 

745 | Green mud....... Koremaster e. spiculatus. 

AG) Sands MUG cece ceceenc Nepanthia maculata. 
14-25 | Gray mud........|.......- Astropecten phragmorus. 
JA MUG tec ccnce cence |osceeeae Astropecten mindanensis. 
7 MMU soc cueneccctalts | eeseine at Luidia maculata. 

375 | Coral sand........ Cheiraster niasicus, Ceramaster 
smithi, Craterobrisinga 
eucoryne, C. analoga. 

TOO eee GO ecnecosnode Pectinaster m. palawanensis, 
Craterobrisinga eucoryne (?). 

58 | Sand, shells.......}........ Retaster insignis. 

68 | Coral sand. .......|.......- Stellaster incei, Nardoa semi- 
regularis 

SON MU Ee oe ois cic cetera oi etetioeate Craspidaster hespcerus, Astro- 


pecten phragmorus. 
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LIST OF DREDGING STATIONS AT WHICH STARFISHES WERE 
SECURED, WITH THE SPECIES TAKEN AT EACH—Continued. 





Sta- 
tion. 





Locality. 


Verde Island Passage; 13° 
DAE OT UN eloleOt.o0” 1. 
ne of Marinduque Id 
Qenchees eeeechewas- con 


Ragay Gulf, Luzon; 13° 15’ 
20’’ N..; 122° 4573077 E. 

Between Burias and Luzon 
(vicinity Bagatao Light). 


Between Samar and Masbate. 


Between Leyte and Cebu 
Dupon Bay, Leyte... 
“Between Cebu and Leyte. . f 
Between Cebu and Bohol.... 





Sulu Sea, NW. of Cagayan Id.. 


Sulu Sea, NE. of Cagayan Id. 
Sulu Sea, NW. of Cagayan Id. 


Sulu Sea, SW. of 30th of June 
Id.; 9° 12’ N.; 118° 28’ E. 
Sulu Sea, SE. of 30th of June 

Id., 9° 13’ N.; 118° 51’ 15’’ E. 
SuluSea,SW.Corandagos Id.; 
10° 38’ 45’ N.; 120° 12/45” E, 











Depth. 





Fath- 
ams. 
180 
214 
180 


106 
83 


338 
107 


128 
220 


118 


340 


495 


27 
1,105 
51 
51 


172 


308 
383 


310 





Nature of bottom. 


wee ee wc eww eee 





Fine sand 
Green mud........ 
Gray mud, sand... 


Gray mud, coral 
sand, 


Coral sand 


Gray mud, coral 
sand. 


Fine gray sand.... 





Green mud, coral 
sand. 

Fine gray sand, 
globigerina. 

Green mud........ 

Green mud, sand.. 


Green mud........ 
Green mud, coral. . 


Bot- 
tom 
temp. 





SES 
ee 


4 


22 


49.8 


steennne 


42.3 | 


Species taken. 








Astropecten luzonicus, Peris- 
sogonaster insignis. 
Astropecten luzonicus, 
phonaster brevispinus. 
Rosaster symbolicus, 

noides cristatus. 

Anthenoides cristatus. 

Zoroaster c. philippinensis, Dis- 
tolasterias ewplecta. 

Prionaster gracilis. 

Craspidaster hesperus, Anthe- 
noides cristatus. 

Astropecten granulatus, Anthe- 
noides cristatus. 

Cheiraster gazellae 
leptodomus, Lithosoma peni- 
chra, Zoroaster c. philip- 
pinensis. 

Luidia avicularia, Pholidaster 
squamatus, Coronaster volsel- 
latus. 

Ctenopleura astropectinides, 
Pholidaster squamatus. 

Astropecten eucnemis, Pholid- 
aster squamatus, Coronaster 
volsellatus. 

Anthenoides cristatus. 

Do. 
Luidia gymnochora. 
Do. 


Do. 
Do. 

Paragonaster c. hypacanthus, 
Zoroaster c. philippinensis. 
Paragonaster c. hypacanthus, 
Pontioceramus grandis, Astro- 
thauma euphylacteum, Zora- 

aster c. philippinensis. 

Distolasterias hypacantha. 

Paragonaster c. hypacanthus. 

Paragonaster c. hypacanthus, 
Zoroaster c. philippinensis, 
Coronaster volsellatus, Coro- 
naster halicepus, Distolasterias 
hypacantha. 

Zoroaster c. philippinensis. 

Paragonaster c. LT ategl ad 

Anthosticte aulophora, Parago- 
naster c. hypacanthus. 

Ctenodiscus orientalis, Dipsa- 
caster diaphorus, Nymphaster 
habrotatus, Lophaster sulu- 
ensis. 

Astropecten edicellaris, Per- 
= onaster suluensis, Nym- 
phaster habrotatus. 

Benthogenia cribellosa, Prion- 
aster gracilis, Sphaeriodiscus 
scotocry ptus. 

Astropecten phragmorus. 


Perse 
Anthe- 


Nymphaster 


Hymen- 
Metro- 


Nymphaster atopus, 
aster bartschi. 

Craspidaster hesperus, 
dira subulata. 

Rosaster nannus, Stellaster incei, 
Metrodira subulata. 

Rosaster nannus, Anseropoda, 


sp. 
Paragonaster c. hypacanthus, 
A strostephane acanthogenys. 
Pectinaster hylacanthus. 
Dipsacaster diaphorus, Pecti- 
naster hylacanthus, Cheiraster 
inops, Cheiraster niasicus. 
Cheiraster niasicus. 
Mediaster ornatus. 


32 
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STATIONS AT WHICH STARFISHES WERE 


SECURED, WITH THE SPECIES TAKEN AT EACH—Continued. 





Sta- 





inn Locality. 
0453" Alibay (Gulftetee tances tein 
5454 |....- GOer cna eene tment cent 
5460 | Lagonoy Gulf, E. coast 
Luzon. 
5467 |...-. OMe ease aeateeedis sets 
5468 |..... WMO se ee ee eecie ceiescis fo ciciee= 
5470 |....- TO Nee one otatatc sie sialeia cis 
5476 | San Bernardino Strait; 12° 
56’ 24” N.; 124° 25’ 24”’ EB. 
5478 | NE. Tacbuc Pt., Leyte. ....-. 
5480 |..... GOt a acs cece cenideeere 
5481 | Surigao Strait, E. of Leyte... 
S482 Vor GOe sec csee reneesesess 
5483 |..... Ons etter ase cicleonr 
5487 |Between Leyte and Minda- 
nao; 102 02/745" Nel 25° 
05’ 33’ E. 
5488 | Between Leyte and Minda- 
nao; 10° N.; 125° 06’ 45”” E. 
5491 | Between Leyte and Minda- 
nao; 9° 24’ N.; 125° 12’ E. 
5492 | Between Leyte and Minda- 
se OS L245!" Ni. 125° 207 
5494 | Between Leyte and Minda- 
nao; 9° 06’ 30’ N.; 125° 18’ 
40” E. 
5499 | Mindanao Sea, vie. Iligan Bay, 
§501 |..... COSA ee Ue Cees Us beast | 
| 
5503 |_.... COM reenact ssa | 
S50aT ee Gites Merete wate Ber le cemirere 
5510 | Iligan Bay, N. coast Minda- | 
nao. 
DOL2 Ns Se GO Sache ears ceeeeee tees 
§513 |..... CO see eeneecea bees oniciad 
GHLon| sees Or Pere ence te wees 
5516 | Mindanao Sea, off Pt. Tagolo, 
Mindanao. 
ay Ae ae GOws so segecewessiceseose ck 
6518) [bs 222 Osta ee Ne ee Se 
15) Oa ae GO seeeeeeeeeenceeececee ee 
5520 |7 2.2) Raa elepiaren eet es | 
5523 |..... OO scores anes ccensiswicie ae | 
5524 |... G0: se acta = sicieetaes 
5526 | Between Siquijor and Bohol 
S) 
5527 |..... GOr ee waaeehaaeaenies sce 
5528 |..... do | anaemia Lae 
5529 |..... WO ee cc actan encase 





Depth. 





Fath- 
oms. 


146 | 


153 
565 


480 | 
569 |... 


560 





270 


57 
62 
61 


67 


74 
732 


772 
736 


735 


678 


441 








Bot- 
Nature of bottom. | tom 
temp. 
Cri. 
"Gray: nude ane aes 
Green) mud an senccleciceees 
COM meeislcinemalcsmiisiete 
Mudie shied eee ee tee 
Fine sand......--- 48.3 
Shelisaacevesiccectle comes 
Mine Sand eer. saeteeleimcteeicias 
Sand, shells, gravel|........ 
Sand, green mud, }........ 
shells. 
Sand, broken shells|........ 
Green mud........ 52.3 
ABER GOT eee a tee|| Oan8: 
Green mud, coral..| 52.3 
Green mud........ 62.1 
Green mud,sand..| 53.3 
Green mud, fine 52.3 
sand: 
Fine sand, gray 54.3 
mud. | 
Green mud........ | 53.3 
“Gray mud, fine | 53.0. 
sand. 
Sees? CObtesaececicine ell) O28 
Salsas GO eee coset oees 
(No sounding) ....|........ 
Globigerina.......| 54.3 
sSterete GOsee cosmo eee hi ots 
Gray mud, globi- 54 
gerina. 
Globigerina, sand.) 54.3 
eee a eicenia einer | 61.3 
| 
No MOUNGINEG oon enc|sceeeacs 
SAG steeeccee ace aa 52.8 
Green mud, glo- 52.3 
bigerina. 
| Globigerina ooze..| 53.3 
Oesicis GO: secs sceel Ore 


Gray mud, globi- 53 
gerina. 





Species taken. 


Aer Open tenellus, Zoroaster 
c. philippinensis. 
Anthenoides cristatus. 
Ctenodiscus orientalis, Psilaster 
gotoi, Atelorias anacanthus. 

Pectinaster hylacanthus, Medi- 
aster ornatus. 

Psilaster gotoi. 

Ctenodiscus orientalis, Psilaster 
gotoi. 

Tritonaster evorus, Zoroaster c. 

hilippinensis. 
epanthia joubini. 

Astropecten velitaris, Astropec- 
ten monacanthus. 

Astropecten monacanthus, Ros- 
aster mamillatus, A sterodiscus 
elegans. 

Goniodiscaster forficulatus, As- 
terodiscus elegans, Ophidiaster 
trychnus,O phidiaster dubiosus, 
Nardoa squamulosa, Asteri- 
nopsis pedicellaris. 

Stellaster incei, Echinaster stere- 
osomus, Pteraster 0. myonotus . 

Brisinga trachydisca. 


Do. 


Sidonaster vaneyi, Astropecten 
eremicus, Nymphaster habro- 
tatus, Brisinga trachydisca. 

Astropecten eremicus. 


Astropecten eremicus, Brisinga 
trachydisca. 


Ctenodiscus orientalis . 
Anthenoides rugulosus. 


Anthenoides rugulosus. 
Anthenoides cristatus. ye 
Lithosoma penichra, Henricia 
densispina. 
Cheiraster diomedeae. 
Benthogenia cribellosa. 
Brisinga trachydisca. 
Nymphaster euryplaz, 
noides cristatus. 
Henricia densispina. ee 
Astropecten tenellus, Henricia 
microplaz, Pteraster 0. ™my- 
onotus. 
Henricia densispina. 
Ctenopleura astropectinides, Ro- 
saster symbolicus, Anthenoides 
cristatus. ee 
Astroceramus lionotus, Henricia 
densispina, Pteraster 0. my- 
onotus : 
Henricia densispina. 
Dipsacaster diaphorus. 


Anthe- 


Ctenodiscus orientalis, Anthe- 
noidcs rugulosus, Zoroaster c. 
philippinensis. 

Ctenodiscus orientalis, Dipsa- 
caster diaphorus, Lithosoma 
penichra, Zoroaster c. philip- 
pinensis. 

Ctenodiscus orientalis. 
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LIST OF DREDGING STATIONS AT WHICH STARFISHES WERE 
SECURED, WITH THE SPECIES TAKEN AT EACH—Continued. 














Bot- 
tom 
temp. 





wee e meee me ence 


41.1 
44 


42.3 


Sta- Locality. Depth.| Nature of bottom. 
tion. 
Fath- 
oms. 
5536 | Between Negros and Siquijor 279 | Green mud........ 
5587 |...-- Ose saieeeaeectsecte cess 254 ees dO-c ends Sohs4 
OSS nh see=s dOsaa see aewaeeains sass 256 | Green mud, sand.. 
5541 | Mindanao Sea, off Pt. Tagolo,, 219! Fine sand, broken 
Mindanao. shells 
5548) (a Ome eee ieeisiseiat cleineis co 162)):Sands <2 heer eee oe 
5549 | SW. of Jolo Light, Jolo...... 263 | Sand, globiginera, 
for aminifora. 
5550))|-- CO One eeicialastiate'sis/ce'a > > = 258 | Fine sand, shells. . 
5555 | SE. of Cabalian Pt., Jolo..... 34 | Coarse sand 
5558 | N. of Cabalian Pt., Jolo...... 15,)|' Coraletcnccses seaeal ceaecase 
5565 | Between Jolo and Tawi- 243 | Sand, pteropod 
Tawi, 5° 51’ 42” N.; 120° 30’ shells, 
30” E. 
5582 | Vicinity of Darvel Bay, 890 | Gray mud, fine 
Borneo. sand. 
5585 | Sibuko Bay, Borneo.......-. 476 | Gray mud........ 
5586 |-.... Ont e es Bas eek B47 cece do. secs s ae 
5587s... . GO as nsceceeieicie sesso 415 | Green mud, sand, 
coral. 
5589 |..... GO vs isigees Rees fetes 260 | Fine gray sand, 
gray mud. 
5592 |....- Wee abiele eeteaa ear ratarei-s © 305 | Green mud........ 
5601 | Gulf of Tomini, Celebes; 1° 765 | Sand, globigerina, 
13’ 10’ N.; 125° 17’ 05” E. pteropods. 
5602 | Gulf of Tomini, Celebes; 0° 962 | Gray mud........ 
QIANG HI322'03930(408), 
5605 | Off Dodepo Id., Gulf of G47 isthe Sone 
Tomini, Celebes. 
BG0G3|- s= ae One ie tenets ees cwars 834 | Green mud......-. 
5607 | Off Binang Unang Id., Gulf 761 | Fine sand......... 
of Tomini, Celebes. 
5608 |..... AOpen terete ee st cides 1,089 | Gray sand......... 
5609 |....- LOPE Aes ees ascs occ 1,092 | Green mud........ 
5617 | N. E. Ternate Id., 0° 49’ 30” 13) | “ticemenstaneeeacmes 
NES D2 iin 20-307" By 
5618 | Molucca Passage............. 417 | Gray mud........ 
5619 |..... Owe cebtee sa etiet cle. sons 435 | Fine gray sand, 
mud. 
5621 | Vicinity of Makian Id., Mo- | 298 | Gray and black 
lucca Is. | sand. 
Olea aaee GOeec ease selsisebicatas oe |. (276 Gray mud2s: j-see 
| 
5628 Nicene GO eee bs leads sds'e 272 | Fine sand, mud... 
5624 | s.0.. GOS Uae cic seleweais's asic 288i houee AGE reteisjaviestajsice 
5625 | Between Gillolo and Kayoa 230 | Gray mud, fine 


Is., Moluccas. 





sand. 











Species taken. 





Nymphaster dyscritus, Anthe- 
noides cristatus, Anthenoides 
rugulosus, Henricia densi- 
spina, Henricia arcystata,Pter- 
aster 0. myonotus. 

Prionaster analogus, Pertsso- 
gonaster insignis. 

Cheiraster gazellae, Zoroaster 
c. philippinensis. 

Prionaster analogus, Nymphas- 
ter dyscritus. 

Tarachaster tenuis. 

Hymenasterides zenognathus. 


Persephonaster e. brevispinus , 
Hymenasterides zenognathus . 

Nardoa tumulosa, 

Linckia laevigata. 

Zoroaster c. philippinensis. 


Pseudarchaster jordani, Zoroas- 
ter ophiactis, Cnemidaster 
wyvillii. 

Ctenodiscus orientalis. 

Ctenodiscus orientalis, Pseud- 
archaster jordani. 

Ctenodiscus orientalis, Pseud- 
archaster jordani, Zoroaster 
c. philippinensis. 

Zoroaster c. philippinensis. 


Persephonaster habrogenys. 
Koremaster evaulus. 


Cnemidaster wyvillii. 


Ctenodiscus orientalis, Psilaster 
sp., Radiaster notabilis, Myzas- 
ter medusa. 

Persephonaster monostoechus, 
Koremaster evaulus, Hymene 
aster rhodopeplus, Zoroaster 
ophiactis. 

Pectinaster mimicus, Cnemidase 
ter wyvillii. 

Pectinaster mimicus, Pseudar- 
chaster oligoporus, Cnemidas- 
ter wyvillit. 

Pectinaster mimicus, Pseudar- 
chaster oligoporus. 

Dissogenes styracia. 


Ctenodiscus orientalis, Cheiras- 


ter niasicus, _Benthopecten 
moluccanus, Pseudarchaster 
jordani. 


Ctenodiscus orientalis, Pectinas- 
ter hylacanthus, Cheiraster ni- 
asicus, Benthopecten moluc- 
canus, Solaster tropicus. 

Coronaster halicepus. 


Nymphaster moluccanus, An- 
thenoides granulosus, X enor- 
ias polyctenius, Hymenaste- 
rides zenognathus. 

Dipsacaster nesiotes, Pteraster 
corynetes, Hymenasterides ze- 
nognathus. 

Prionaster megaloplar, Dipsa- 
caster nesiotes, Cheiraster nia- 
sicus, Anthenoides granulosus. 

Prionaster megaloplar, Nym- 
phaster moluccanus. 
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DREDGING STATIONS AT WHICH STARFISHES WERE 


SECURED, WITH THE SPECIES TAKEN AT EACH—Continued. 


Locality. 


Depth. 





5640 
5641 
5645 
5648 


5654 


5655 
5656 
5658 
5660 
5664 
5668 





Between Gillolo and Kayoa 
Is., Moluccas 


wee dF ei aera 3 22 ea 


S. of Patiente Ba 0° 56’ 
30’ S.; 128° 05’ E 
S. of Patiente Strait; 0° 577 
S.; 127° 56’ E. 
Off  Batjan Tan S29) 1272 
off 


Vicinity Amblan_ Id., 


S. E. Bouro; 3° 53’ 20” Bs 
126° 48’ E. 
Buton Strait, Celebes........ 





Flores Sea; 5° 56’ 30’ S.; 120° 
49’ E. 

Macassar Strait; 4° 43’ 22” S.; 
118° 53’ 18’ EB. 

Macassar Strait; 2° 28’ 15’ S.; 
118° 49’ E. 


Fath- 
oms. 
230 


265 


569 
809 
845 
700 





700 


805 


608 
484 
510 
692 
400 
901 





Bot- 
Nature of bottom. | tom Species taken. 
temp. 
oar 
Gray mud, fine |........ 
sand. 
poes do............|........| Cheiraster niasicus, Anthenoides 
granulosus, Astrostephane mo- 
luccana. 
Coral sand, mud..|...-...-- Pectinaster mimicus, Radiaster 
notabilis, Pedicellaster sp. 
Green Mudie = 22.2 |sneccene Psilaster robustus. 
Baile Son omieiccine siscoe| = sicteinente Psilaster robustus. 
Gray MUdeCE iaesel~ ce ceicee Zoroaster microporus. 
Ferdina glyptodisca. 
Ophidiaster fuscus. 
Paranepanthia platydisca, 
Persephonaster multicinctus, 


Apbrodtiasier microceramus, 
ymphaster arthocnemis, Zo- 
roaster ophiactis, Bythiolophus 
acanthinus, Brisingenes mim- 
ict, Brisingenes anchista, As- 
trostephane moluccana, 'Steg- 
nobrisinga placoderma. 


nee do............| 38.7 | Cheiraster triplacanthus, Nym- 
phaster arthrocnemis, Cros- 
saster scotophilus. 

Lat ctalatata deat mere cteceatoras 38.3 | Pectinaster mimicus, Benthopec- 


ten polyctenius, Solaster tro- 


picus. 


Gray mud, fine 39.2 | Atelorias anacanthus. 

sand. 

Gray mud 2-2. 41.2 | Ctenodiscus orientalis, Diplo- 
pteraster m.patagiatus, P edicel- 
laster chirophorus. 

sites seeaees 41.2 | Cheiraster niasicus. 


Pectinaster mimicus, Cheiraster 
ludwigi. 


39.2 





Tarde cere ae sceeee 43.3 Tarsaster distichopus. 
Gray mud........ 38.2 | Pectinaster mimicus, Bentho- 
pecten styracius, Freyell- 


aster spatulifer. 





DESCRIPTION OF SPECIES. 


Family PORCELLANASTERIDAE Sladen, restricted.! 
Genus SIDONASTER Koehler. 


Sidonaster KOEHLER, 1909, p. 37.—F1sHER, 1911d, p. 28. 
SIDONASTER VANEYI Koehler. 
Plate 8, fig. 3. 
Sidonaster vaneyi KOEHLER, 1909, p. 37, pl. 3, fig. 6; pl. 6, fig. 5; pl. 10, fig. 3. 


Diagnosis —R = 36 mm.; r= 15 mm.; R=2.4 r (Koehler’s type 
R=2r). Abactinal integument of disk covered with small spine- 
lets as far as distal edge of cribriform organ, that of rays being bare; 
superomarginals 5 to 7 with one upright spine and 1 or 2 smaller 
accessories; terminal plate with 7 spines; adambulacral spinules 1 
or 2, usually 2, the plates strongly hollowed on furrow margin; 
mouth plates with a median unpaired spinule, and spaced from this 
2, 3, or rarely 4 marginal spinules at mouth of furrow. 

Notes on Philippine specimens—The 4 specimens combine cer- 
tain characters of S. vaneyi and S. batheri. It has in fact been 
difficult to decide what to name them. The two specimens from sta- 
tion 5215 are much larger than Koehler’s specimens of either vaneyi 
or batheri, since the type of vaneyit has R= 20 mm., and that of 
batheri not more than 26 mm. Koehler has so carefully described 
both species that I shall need only to point out the differences pre- 
sented by the Philippine examples. 

The abactinal spinelets do not extend quite so far distally on the 
radii as figured by Koehler. Two large specimens from station 5215 
vary in this respect, one being about intermediate between the condi- 
tion of typical vaneyi and batheri. Along the edges of the abactinal 
integument the spinelets extend to the distal edge of the cribriform 
- organ, but on the radial line little if any farther than an intersecting 
line drawn between the middle of two adjacent cribriform organs. 
Thus the spinous and papular area is deeply concave radially, and 
the varying amount of this concavity (even on different radii of the 
same specimen) controls the width of the interradial band of abac- 
tinal spinelets. Abactinal spinelets are as described by Koehler, 
and 1.5 mm. long. 


1 As noted under the Goniopectinidae, the Ctenodiscinae are more properly referable to 
that family. Fisher, 1916a, p. 1. Be 
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There are 7 superomarginal and 8 or 9 inferomarginal plates on 
the largest specimens, and 7 of each on two smaller examples from 
station 5491. The cribriform organ is relatively larger in the larger 
specimens. The spinelets of each distal border, to the number of 
about 20, are united by a thin membrane, but the others are free. 
The angle between the lateral and ventral border is more abrupt 
in the large specimens, possibly because the organ occupies a larger 
amount of the first plate, there being scarcely any of it left bare. 
Koehler found 5 marginals in the type. In batheri there are 5 to 7. 
The superomarginals nearly always have a second or accessory 
spinule, and on the second and third plate, sometimes elsewhere, 2 ac- 
cessories. One of the smaller specimens has 3 on the second plate. 
The primary spines are more prominent in small than in large 
examples. The spines of the terminal plate are as described by 
Koehler. 

Large examples have 15 (instead of 11 of the type) pairs of 
adambulacral plates and 15 pairs of tube feet to each ray. The 
adambulacral plates are hollowed out on the furrow margin as 
described by Koehler, but instead of there being constantly 2 furrow 
spinules, a few proximal plates have only 1; in one of the large 
specimens the 6 or 7 distal plates have only 1 spinule. This same 
specimen has 2 spinules to each mouth plate, in addition to the 
median unpaired marginal spine, but the other large specimen has 
8 on all plates except one, where there are 4. The 2 small speci- 
mens have usually 3 lateral mouth spines, occasionally 4. The 
type of vaneyi has 2, and batheri has 4 or 5. The mouth plates are 
very prominent actinally and each is produced into a winglike process 
adjacent to first adambudacral. 

The plates of the actinal intermediate areas are rather loosely 
joined, some of them slightly imbricated. About 380 of the plates 
bear a central slender spinelet, very similar to the spinelets of the 
cribriform organs, although a trifle longer. The median interradial 
area is not devoid of spinelets as in S. psilonotus. The intermediate 
plates extend to the fifth or sixth adambulacral plate. 

The peristome contains widely scattered microscopic rods with a 
few perforations. These are more numerous in the lip. A small 
piece of the wall of the stomach did not have any calcareous deposits. 
A piece of the dorsal integument from the ray (where there were 
reither papulae nor spinelets) contained scattered microscopic 
plates, some very small with 2 or 3 perforations, and apparently 
just beginning to be formed; others larger and with very irregular 
periphery; still others nearly circular with 12 to 25 perforations. 

T ype-locality —Gulf of Oman, lat. 21° 53’ N.; long. 57° 48’ E., 
833 to 733 fathoms (Koehler). 
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Distribution—Gulf of Oman and Philippine Islands 783 to 833 
fathoms, green mud. 

Specimens examined—Four from the following localities: 

Station 5215, east of Masbate Island, Philippine Islands, 604 
fathoms, green mud; bottom temperature 50.5° F.; 2 specimens. 

Station 5491, between Leyte and Mindanao, Philippine Islands, 
736 fathoms, green mud, coral; bottom temperature, 52.8° F.; 2 
specimens. 

Remarks.—This species differs from S. psilonotus in having abac- 
tinal spinelets, 7 instead of 5 spines on the terminal plate, and 
usually 2 or 3 lateral mouth spines instead of 4, although the number 
of 4 sometimes occurs. 

One of the small specimens from station 5491 has the stomach 
full of mud. There is also a relatively large Dendrogaster parasitic 
in the coelomic cavity. 


SIDONASTER PSILONOTUS Fisher. 
Plate 1, figs. 2, 3; plate 7, fig. 2. 
Sidonaster psilonotus FisHEr, 1913a, p. 600. 


Diagnosis —Rays 5. R=22 mm.; r=11 mm.; R=2 r; breadth of 
ray at distal edge of cribriform organ, 7 mm.; width of cribriform 
organ 6.5 mm.; height interradially,4.mm. Differing from S. vaneyi 
and S. batheri in the almost entire absence of abactinal spinelets. 
Adambulacral spinules 2; mouth spinules, 1 unpaired and 4 mar- 
ginal; terminal plate with 5 spinules. 

Description.—The rays are only slightly tapered and have a 
blunt extremity capped by a prominent spiniferous terminal plate. 
Marginal plates forming a prominent beveled or sloping border to 
abactinal surface. Abactinal integument on rays slightly and on 
disks markedly sunken below upper edge of marginal plates, and 
devoid of spinelets except for about 20 to 24, scattered close to each 
cribriform organ, and not extending distally beyond the edge of 
this organ. Spinelets about as long as those on surface of cribriform 
organ. Papulae numerous, prominent, and occupying a pentagonal 
area, the corners of which touch the middle of each cribriform organ. 
They do not therefore extend onto the rays. There is a prominent 
apical prolongation of the integument in center of disk, but the 
papulae do not extend upon it. The abactinal integument contains 
spaced, microscopic, perforated calcareous plates, roundish or irregu- 
lar in outline, sometimes with a few short spines on the periphery. 
These plates resemble end plates in the pedicels of holothurians, and 
seem to consist of one layer of reticulum except that the center is 
often slightly thickened. Madreporic body large, touching cribri- 
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form organ, convex and traversed by coarse ridges radiating from 
a point between the center and adcentral edge. A few spinelets sur- 
round it. 

Marginal plates thin, the superomarginals the higher. Second 
superomarginal about as long as high, but the succeeding four are 
longer than high, and the seventh or last about as long as high. Each 
bears on the upper distal corner a slender, prominent, sharp spinule 
usually bent transversely across the smooth abactinal integument. 
The second plate has a shorter companion spinule. The longest 
spinule (2 mm.) is on the fifth plate. 

Inferomarginal plates conspicuously lower than superomarginals 
and hence proportionately longer than high. Second plate corre- 
sponding to second superomarginal is shorter than the rest. These 
plates do not encroach upon actinal surface. No spines. 

Cribriform organs very prominent, wider than high, with slightly 
convex upper border, and leaving only a very narrow bare area on 
distal edge of the plates. The organs comprise therefore practically 
all the surface of each interradial pair of supero- and inferomarginal 
plates. The spinelets are blunt, slender, very uniform in size, and 
arranged in vertical series. Those of the first or marginal vertical 
series are webbed. No others are. 

Terminal plate prominent, crescentiform, the rounded sides cover- 
ing the edges of the last marginals. There are 5 terminal, promi- 
nent, sharp spinules; 3 of these form a triangle in the end of 
plate, surrounding the terminal papilla, and one stands laterally on 
the upper edge of plate. 

Adambulacral plates longer than wide and with a concave margin. 
Each plate bears at the adoral end 2 sharp marginal spinules some- 
times slightly curved and compressed at base, these occupying about 
half the furrow margin of each plate. 

Mouth plates very prominent actinally, the free surface sloping 
steeply to median suture, which is wide and lanceolate in form. Each 
pair of plates bears an unpaired spine at the inner angle where the 
2 plates join, and widely spaced from this, 4 tapering, sharp, 
marginal spines are borne on the concave margin opposite the first 
tube foot. 

Actinal intermediate areas moderate, the plates loosely joined in 
irregular interradial columns. Six to 8 of the plates on either 
side of the double interradial series bear a single spinelet similar to 
those of cribriform organ. 

Tube feet large, without calcareous particles in the walls. Dorsal 
wall of the stomach with numerous simple, straight, rather large 
microscopic rods, with occasional irregular and Y-shaped ones. The 
length of these rods varies about as the diameter of the plates in the 
dorsal integument. 
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Lype.—Cat. No. 30504, U.S.N.M. 

L'ype-locality—Unknown. 

Remarks.—It is unfortunate that this new form should be without 
locality It differs from S. vaneyi in lacking abactinal spinelets, in 
having 5 instead of 7 terminal spines, in the spinulation of the 
actinal interradial areas, and in having constantly 4 (instead of 2, 
3, or rarely 4) mouth spines. It differs from S. batheri in lacking 
abactinal spinelets,.and in having 5 instead of 7 terminal spines. 


Genus BENTHOGENIA Fisher. 
Benthogenia FIsHEr, 1911c, p. 415. Type, B. cribellosa Fisher. 


Diagnosis —Related to Hyphalaster Sladen and Thoracaster Sla- 
den, but differing in having cribriform organs between a// the mar- 
ginals, in having the dorsal surface of distal half of ray one continu- 
ous cribriform organ, and in having the cribriform organs of inter- 
brachium merged into one. Distal superomarginals spiniferous; ter- 
minal plate large, spiniferous, dorsal in position. No odd interradial 
marginal. Superomarginals increasing in size very gradually to the 
sixth, which is considerably larger than the rest and meets its fellow 
in median line of ray; beyond this point all superomarginals in con- 
tact. Cribriform organs 29 or 30, the distal ones rudimentary and the 
11 of the interbrachium merged into one (as far as middle of sixth 
superomarginal) ; structure papiliform. Adambulacral plates witha 
numerous furrow series and numerous smaller spinelets on surface. 
Actinal interradial areas extensive, covered with small spaced spine- 
lets. Intermediate plates extend nearly to end of ray. Abactinal 
paxillae large, crowded. ‘ 


BENTHOGENIA CRIBELLOSA Fisher. 


Plate 1, fig. 1; plate 2, fig. 1; plate 8, figs. 2, 2a—d. 
Benthogenia cribellosa F1isHer, 1911, p. 415. 


Description—Rays 5. R=78 mm., r=about 30 mm., R=about 
2.6 r; breadth of ray at base, about 34 mm., at sixth superomarginal, 
12mm. Over half of ray formed by superomarginals which meet in 
median line. Superomarginals massive, increasing in size from the 
first to sixth, which is decidedly larger than the rest and meets its 
fellow on dorsal median line; next 6 plates decreasing slightly in 
width, but increasing in height as far as terminal plate. Each is 
higher than wide, and bears on the rounded dorsolateral angle a 
stubby conical spine; final 3 or 4 plates decreasing rapidly in size and 
covered by the big, elliptical, very convex spiniferous terminal plate, 
margined by a fimbriate channel. Inferomarginals lower than su- 
peromarginals and beyond the sixth plate not corresponding to them, 
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but near tip of ray alternating, there being one more in the series. 
Each inferomarginal has a low tubercle corresponding to the supero- 
marginal spine. Viewed from side, both series increase in height 
from interradius to the sixth plate; thence the superomarginals in- 
crease slightly in height up to the terminal plate, while the infero- 
marginals decrease. Beyond the sixth plate the inferomarginals do 
not encroach upon the actinal surface. The horizontal suture be- 
tween the two series is not deep. The free surface of the plates is 
covered with minute bosses. 

Terminal plate very convex, large, elliptical, and wholly dorsal 
in position, as it lies over the last three superomarginal plates. Judg- 
ing from the scars of the spines, there are 4 terminal spines placed 
symmetrically, 2 on either side, and on the narrow summit of the 
plate, behind these, a series of 3 spines, making 7 in all. 

Cribriform organs spiniform and in the interbrachial arc, continu- 
ous without a break as far as the middle of the sixth or enlarged 
superomarginals, except for a slight wedge-shaped area in the middle 
of the lower edge of each inferomarginal. In each interbrachium 11 
fused cribriform organs, the odd one over the median interradial 
suture. The sixth supero- and inferomarginals have a median ver- 
tical bare space about as wide as the adjacent cribriform organs, 
which from here on rapidly narrow, and from the twelfth plate on 
may be said to be rudimentary. These separated cribriform organs 
extend upon the dorsal surface of ray and fuse with those of oppo- 
site side so that the whole area from the limit of paxillae to terminal 
plate and between the two dorsal rows of spines is a thick continuous 
mat of spinelets, absolutely identical with the lateral cribriform 
organs, and a fimbriate channel leads on either side from this area 
along the lower edge of the terminal plate. The total number of 
lateral organs is: Rays 9+9-+interbrachium 11=29. This varies to 30, 
as some rays have an additional small one at tip. The distal organs 
are of course rudimentary. The delicate mostly terete spinelets end 
in a blunt or even capitate fleshy tip (the calcareous part being 
truncate denticulate). They are very close-set, in regular quincunx, 
and decrease in length distad, markedly beyond the sixth marginal. 
The spinelets of the vertical marginal series, in the separated organs 
are flattened and united by a continuous web; all other spinelets free 
and independent. 

Paxillar areas with a stellato-penatagonal contour and comprising 
the disk and proximal third of ray. Paxillae large, fairly high, 
crowded, those on rays largest, decreasing in size toward center of 
disk. The larger paxillae have 15 to 20 peripheral and 5 to 15 central 
spinelets, cylindrical and slightly knobbed at tip, and one-third to 
one-half as long as shaft of paxilla, which is variable in thickness but 
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elliptical in section. The bases of paxillae are also elliptical, slightly 
spaced, and independent. Papulae about 8 surrounding a plate; 
absent from a narrow midradial area. 

Adambulacral plates longer than wide with 7 or 8 compressed, 
basally webbed furrow spines on a curved margin, and on surface of 
plate 10 to 12 much shorter spinelets, similar to the actinal intermedi- 
ates, in about two series. Furrow very narrow. 

Mouth plates prominent and with wide suture. Marginal spines 
12, the innermost abruptly enlarged into a flattened conspicuous 
lanceolate tooth, the others subsimilar to adambulacrals. Suborals 
about 15 to a plate, in two series, smal] except inner two, which form 
a series just back of the teeth. 

Actinal intermediate areas extensive, the plates slightly imbricated 
with rounded margin toward center. The rather triangular, broad, 
interradial area has its outer angle about at the sixth marginals, 
whence the plates extend in a narrow and tapering band to within 
about 4 inferomarginals of end. Plates beset with spaced, short, 
more or less clavate spinelets, increasing in length toward margin. 
A plate near center of area has 6 to 10, sometimes as many as 12, 
spinelets. Others near periphery have 5 or 6. 

Madreporic body situated a little more than its own diameter from 
margin, traversed by striae proceeding from a point near the adcen- 
tral margin, and bearing many little blunt spiniform protuberances 
resembling the tips of paxillar spinelets. 

Young.—There are 3 young specimens from station 5425, 2 of 
which were recovered from the stomach of Prionaster gracilis. I am 
not at all sure that these belong to this species. They are young 
of Benthogenia, although some of the generic characters are not yet 
full-fledged. The smallest of the three has R 5.5 mm. and 4 marginal 
plates to the ray in each series; the largest has R 12 mm., and 10 
superomarginals, which, from the sixth on meet their neighbors along 
the midradial line, as in the adult. A few notes on the latter specimen 
are appended, 

Rays short, less pronounced than in adult, abactinal paxillae with 
4 or 5 spinelets, and a little more uniform in size than in type. Mar- 
gin of rays and disk rounded, the sixth superomarginal not enlarged. 
Terminal plate large, but ovoid, and as broad as long, with only 4 
spines, 3 terminal, and 1 dorsal. Cribriform organs not confluent 
in the interbrachium, but with a bare space as wide or slightly wider 
than adjacent organs on each plate. Spinelets relatively large, and 
in the median interbrachial organ in 6 vertical series, with 6 to 8 in 
each series. The 2 marginal vertical series of each organ webbed. 
Beyond fifth marginal the organs are reduced to simple fimbriate 
channels. The median radial cribriform organ so characteristic of 


42 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 


the adult is indicated only in a fimbriate channel between the 2 
series of superomarginal plates. One or 2 superomarginals have 
a special dorsal spine. 

The epiproctal peduncle is prominent, and there is certainly a tiny 
pore at the summit. Whether this is confined to immature life can 
not be determined. 

Actinal intermediate areas with well-spaced, small spinelets. 
Adambulacral plates longer than wide with a palmate series of 5 
flattened pointed furrow spinelets disposed along the obtusely angu- 
lar margin, and basally webbed. Subambulacral spinelets, small, 1 
or 2, or absent. Mouth pee with 8 marginal spinelets; suborals 
few, rudimentary. 

aiiece young specimens ean the genus Hyphalaster, more es- 
pecially H. hyalinus Sladen. They differ from this genus, however, 
in having cribriform organs between all the a lene the 
number of organs is determined by the number of marginals. It is 
important to note that a certain strongly marked character of the 
adult, and one which is believed to be generic, is only partly de- 
veloped in these immature examples. I refer here to the peculiar 
distribution of the cribriform organs, which in the interbrachium 
are fused into one in the adult, and also occupy the dorsal radial 
area of the distal portion of ray. In the adult the terminal plate is 
entirely dorsal to the superomarginals but in the young only the 
proximal half overlies the distal superomarginals. 

With only the young specimens, it would not be possible to cor- 
rectly diagnose the genus Benthogenia. Since several species of 
Porcellanaster have been named from very immature types, it is 
pr obable that the ails will be difficult to identify correctly. 





Pine. anh a 5518, ne Bay, northern Mindanao, lat. 
8° 16’ 45’ N.; long. 124° 02’ 49” K.; 505 fathoms, bottom temper- 
ature 52.8° F., gray mud and fine end: 

Distribution. ~ Mindanao Sea and Sulu Sea, Philippine Islands. 

Specimens examined.—The type, and three immature from sta- 
tion 5425, Sulu Sea, near Cagayanes Islands, 495 fathoms, gray mud, 
coral sand, bottom temperature 49.4° F. 

Remarks—As indicated in the diagnosis, the genus Benthogenia 
is distinguished by the possession of an indefinite number of cribri- 
form organs, these being present between all the marginals, by the 
fusing of the cribriform organs of the interbrachium, by the presence 
of a curious dorsal cribriform organ on the surface of those supero- 
marginals which unite in the median line of ray, and by an entirely 
dorsal spiniferous prominent terminal plate. The genus probably 
stands nearest Hyphalaster, although resembling 7horacaster in the 
abundance of actinal intermediate spinelets. The structure of the 
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adambulacral, mouth, marginal and terminal plates is near that of 
Hyphalaster. Benthogenia might be described as a Hyphalaster 
having cribriform organs between all the marginals, and a dorsal 
cribriform organ on the distal portion of ray. The last, I believe, is 
not found in any other genus, nor does any genus of the Porcellanas- 
teridae have cribriform organs of an indefinite and large number. 

The genus Lysaster Bell+, the type of which I have had the privi- 
lege of examining, seems to me to be a near relative of Thora- 
caster. The actinal intermediate plates have numerous short, sharp 
spines, and the adambulacral plates 4 sharp furrow and about 3 
shorter sharp subambulacral spines. There are 7 cribriform organs 
to each interradius, which extend ventrally nearly or quite to the 
inner edge of the inferomarginals, the intermediate bare area being 
equal to the width of the organ. There are no cribriform organs on 
the ray, the most distal one being on the adoral margin of the first 
superomarginals that meet medially. There are 10 or 11 supero- 
marginals and the large terminal plate, overlying the 2 last supero- 
marginals of each series, has 3 large spines. On each series of su- 
peromarginals of the ray only are 1 or 2, usually 2, stout dorsal 
acute spines—thus 3 or 4 to a ray. The paxillae are astropec- 
tinoid, well developed, and the madreporic body is close to the 
margin, exposed, and a little broader than width of exposed portion 
of superomarginal. 


Family GONIOPECTINIDAE Verrill, emended. 


Goniopectinidae VERRILL, 1889, p. 213.—FisHeER, 1911d, pp. 17, 22; 1916a, 
Dp: 2. 


Diagnosis.—Specialized fascioles or cribriform organs between 
all the marginal plates; actinal plates in double transverse series, 
there being between every pair a specialized fasciolar channel, roofed 
by webbed spinelets, leading from the marginal fascioles to the 
furrow; ampullae single; superambulacral plates present; abactinal 
skeleton astropectinoid. 

Remarks.—In Asteroidea of the North Pacific and Adjacent 
Waters (Fisher, 1911d, p. 19) the family Goniopectinidae, proposed 
by Prof. A. E. Verrill, was said to differ from the Porcellanasteridae 
in having double ampullae connected with the tube feet, and in hav- 
ing an intestine and intestinal coecum. The component genera of the 
Goniopectinidae, Goniopecten and Prionaster, bear the closest resem- 
blance to Ctenodiscus which has always heretofore been regarded 
as one of the Porcellanasteridae. This resemblance results from 
the similar characteristic biserial arrangement of the skin-covered 





1 Report on the Echinoderma collected by Mr. J. Stanley Gardiner in the Western Parts 
of the Indian Ocean. Trans. Linn. Soc. London, ser. 2, vol. 13, Zoology, October, 1909, 
p. 21, pl. 3, Lysaster lorioli. By a lapsus Professor Bell placed this genus in the 
Goniasteridae. The plate shows its cribriform organs and Porcellanasterid habit. 
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actinal plates with the intervening fasciolar channels, the similar 
structure of the marginals, between which are cribriform organs, 
and the similar form and armature of the adambulacral and mouth 
plates. 

All species of Goniopecten and Prionaster, however, have single 
ampullae, thus eliminating the principal supposed difference between 
these genera and Ctenodiscus. What I formerly regarded as the 
lower lobe of the ampulla in Prionaster proves to be only a swelling 
probably due to the extreme contraction of the muscular vesicles. If 
the swelling has any significance at all, it is the merest rudiment of 
a ventral lobe and the ampullae are to be regarded as single. This 
fact seems to make it advisable to unite the three genera in a single 
family which would be separated from the Porcellanasteridae proper 
by the presence of cribiform organs between all the marginals, by 
the actinal fascioles, and by the presence of superambulacral plates. 
Although an apical pore may be present in Ctenodiscus, I have also 
dissected specimens in which I could find no trace of an opening, 
nor of a tubular connection between the stomach and the “ epiproctal 
cone.” In the middle of the dorsal side of the stomach there is 
a roundish lobe of small size which may represent the degenerated 
rudiment of a coecum. Prionaster elegans, on the other hand, has 
a fairly large, butterfly-shaped coecum, connected with the apical 
pore by a definite tubule. P. megaloplax has a conspicuous “ anal” 
aperture. This difference between Prionaster and Ctenodiscus must 
be weighted against the important common characters mentioned 
above, and stated in the diagnosis of the family. On account of its 
more Porcellanasterid characters Ctenodiscus may well come first 
in the family. Presumably Pectinidiscus belongs here also, parallel- 
ing the characters of Prionaster. 


Subfamily CTENODISCINAE Sladen. 


Diagnosis—Marginal cribriform organs consisting of superim- 
posed transverse webbed combs of spinelets; intestinal coecum obso- 
lete; no intestine. 


Genus CTENODISCUS Miiller and Troschel. 


Ctenodiscus MUtter and TroscHer, 1842, p. 76. Type, Asterias crispata 
Retzius. 
CTENODISCUS ORIENTALIS Fisher. 


Plate 2, figs. 2-4; plate 7, figs. 1, la-e. 
Ctenodiscus orientalis FISHER, 1918a, p. 601. 


Diagnosis.—Differs from Ctenodiscus crispatus in having longer 
and relatively much slenderer rays, on which the paxillar area is 


1An exception in Benthogenia. 
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very narrow; constantly very small paxillae; much more numerous 
marginal plates; lower inferomarginals, of which the whole exposed 
surface is confined to lateral surface of ray; very delicate and not at 
all flattened fasciole spinelets; smaller and more numerous actinal 
plates in each corresponding double series; differently shaped and 
more angular adambulacral plates, with a different armature; 
madreporic plate with finer and more numerous ridges. R=52 mm., 
r=14 mm., R=3.7 r; breadth of ray at middle of R, about 10 mm. 
(An unusually slender rayed crispatus from Japan: R=2.8 r; 
breadth of ray at middle of R, 14 mm.) 

Description—Rays constantly long and slender with wide, rounded 
interbrachia; disk moderate. Paxillar area narrow on rays, being 
about equal at the middle to height of combined marginal plates. 
Paxillae small, delicate, with upward of 10 slender equal terete spine- 
lets on the largest, 4 or 5 on the smaller. A prominent slender cone 
present on center of disk, on which the plates are smaller than 
elsewhere. 

Marginal plates numerous (26 or 27 to a ray in each series), the 
superomarginals proximally higher than inferomarginals, distally 
subequal. Fascioles deep between superomarginals, very shallow be- 
tween inferomarginals, the spinclets supporting the membrane being 
delicate and slender, and relative to height of plate, longer than in 
crispatus. ‘The superomarginals are lower in ortentalis than in eris- 
patus, the height being equal to about the length of one and a half 
plates in the interbrachium (two in crispatus), while far along ray 
both series are square (higher than wide in crispatus). The infero- 
marginals are conspicuously lower than in crispatus, the exposed 
surface being confined to lateral wall of ray, while in crispatus they 
encroach markedly upon the actinal area. About 8 to 10 fasciolar 
spinelets in total width of an interbrachial inferomarginal, about 
12 to a superomarginal (respectively about 14, and 12 to 14 in eris- 
patus). The specialized marginal spines slenderer than in crispatus 
and the inferomarginal series sometimes absent except on outer part 
of ray. The inferomarginal spines have a hyaline tip and are slen- 
derer and shorter than the superomarginal. Each series occupies the 
same relative position on plate as in crispatus. 

Actinal interradial areas smaller than in normal crispatus. The 
plates being smaller, usually more numerous, and the fasciolar spine- 
lets more delicate. In either double series nearest the interradial line 
there are 16 to 23 plates (8 to 12 in a single series). In crispatus, 
16 plates is usually the maximum number. 

Adambulacral plates with the aboral half of the furrow margin 
excavated to receive the tube foot, the adoral half being prominent 
and angular with three tapering sharp spinules, the median the long- 
est, proximally equaling width of plate, distally exceeding width. 
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One or two smaller spinelets continue the furrow series along the 
concave portion of margin, and directly behind these on the surface 
of plate is a conical hyaline spinelet, stouter and shorter than the 
furrow spinelets, except on the first five or six plates, as the subambu- 
lacral becomes smaller from the fifth plate toward the mouth, and is 
more delicate than the furrow series. 

Mouth plates with 4 or 5 marginal, and 5 to 8 suboral, spinelets. 

Superambulacral plates present, small, the first plate occurring on 
the fourth ambulacral ossicle (on the third in crispatus). 

Type.—Cat. No. 30505, U.S.N.M. 

Type-locality— Station 5528, between Siquijor and Bohol Islands, 
Philippines, 429 fathoms, globigerina ooze, bottom temperature 
53.3° F. 

Distribution.—F rom the east coast of Luzon to Borneo and Celebes, 
839 to 742 fathoms, on globigerina ooze and mud. , 

Specimens examined.—Thirty-three. 


Specimens of Ctenodiscus orientalis examined. 














Bot- 
tom 
ae Locality. Depth. Nature of bottom. tem. Num 
ture. 
Fath- Be 
oms. 2 
5126 | Sulu aaa courbern Panay, 10° | 742 | Soft green mud.................-.- 49.5 4 
34! 45” 26° 
5274 | China Sea, SW. of Manila Bais oc iaccers< | 525 | Gray mud, sand.................. 41.3 1 
5423 | Sulu 1 vicinity eons Is., 9° 38’ | 508 | Gray mud, coral sand-.-............ 49.8 2 
30” LTS" 
5460 Taney "Gulf, E. oe Luzon, 13° 32’ 30" 565! Gray mudi csss.cc.3 te cee ceeeeeese|se ccs 2 
123° 58’ 06’’ 
5470 Lagonoy Gulf, E. Coast Luzon, 13° 37’ | 560 | Mud.........---.---.-----------2-]e---200= 1 
30’’N.; 123° 41/09’ BE. 
5499 | Mindanao Sea, vicinity of Iligan Bay -- 554 | Green mud. finesand.........----- 52.3 2 
5527 | Between Siquijor and Bohol Islands..... 392 | Globigerina o0ze............-..---- 53.3 7 
Bags Comrie te cwe ee aa. ee ek, Smee fe 480" es don se ae Ch SL ne ae ed 53.38.1038 
5529 \: See CO SNe ee creas haaae caaas eee emeee | 441 | Gray mud, globigerina..........-..|..--.--- le 
5585 | Sibuko Bay, Borneo.......-...-...-.-.- | 447 ane sand. Bee aoe nee eee 41.1 | 4 
5586 |..... GOE Salah bos bc auacieces teers eanweceene 347 Pye eee ae nea an e=| meee aie 
5587 | Gulf of Boni, 3°17’ 40’’ S.; 120° 36/45" E| 415] Green mud,sand coral.............|.......- 2 
5605 | Gulf of Tomini, Celobes, 0° 21! 23 N.; | 647 |...-.0cceesseceneccccencenseccscecs|secccces 1 
|. 121°34’ 10" E. | 
5618 | Molucca Passage, 0°37’ IN. A279 Loa 417 | Gray mud... 2. ee one = 5. - | oo ein 1 
5619 | Se Passage, 0° 35’ N.; 127° 14’) 485] Fine gray sand, mud..............|...-...- 1 
QO’ | 
5656 | Gulfof Boni, 3° 17' 40’ S.; 120° 3645" EH.) 484 | Gray mud!...--..-. 28... - 8. |} . 4052 3 








Subfamily GONIOPECTININAE Fisher. 
Goniopectininae FisuEr, 1916a, p. 2. 

Diagnosis —Marginal cribriform organs consisting of discrete 
spinelets covered by a single webbed series on the transverse margin 
of the plate; well-developed intestinal coecum, intestine, and apical 
pore. 

KEY TO THE KNOWN GENERA OF GONIOPECTININAD. 


a. No odd interradial marginal plate; a fimbriate channel leading from outer 
end of mouth plates to the median interradial cribriform organ. 
Goniopecten Perrier. 
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a*., An odd interradial marginal in both series; a double column of actinal inter- 
mediate plates replacing the interradial fasciole, and meeting the odd 
RN SANT NNT eh se kN i es ee Prionaster Verrill. 


Genus GONIOPECTEN Perrier. 
Goniopecten PERRIER, 1881, p. 24. Type, G. demonstrans Perrier. 
GONIOPECTEN ASIATICUS Fisher. 


Plate 4, fig. 1; plate 5, fig. 2; plate 7, figs. 8, 3a—c; plate 8, figs. 1, 1a. 
Goniopecten asiaticus FisHer, 1913a, p. 601. 

Diagnosis —Differing from G. demonstrans Perrier in having a 
complete series of spines on both supero- and inferomarginal plates, 
and open cribriform organs between the proximal marginals. R=185 
mm., r=27 mm., R=5 r; breadth of ray at base, 31 mm. Disk mod- 
erate; rays long, stout, with vertical sides. Marginal plates mas- 
sive, with fasciolar grooves containing cribriform organs, those prox- 
imally being open as in Porcellanasteridae. Paxillae large, crowded, 
with upward of 60 short, subequal spinelets on rather high tabula. 
Adambulacral plates with 6 to 10 furrow spines, the adoral con- 
spicuously enlarged on the proximal plates; also with 1 or 2 promi- 
nent subambulacral spines distally, 5 to 8 proximally. 

Description—The abactinal paxillae are close-set, frequently in 
contact, flat-topped, and rather large. The largest are on the proxi- 
mal radial areas, decreasing in size toward center of disk and along 
rays, and from the radial line toward margin of area. On outer 
fifth of ray the superomarginals are in contact medially. The paxil- 
lae are arranged in not at all regular, oblique, series extending from 
the narrow median radial area, where they are not in regular order, 
to marginal plates, about 7 of these ill-defined rows corresponding 
to 2 superomarginal plates at base of ray. The bases of the median 
radial paxillae are broadly elliptical; those of the dorsolateral areas 
are subcircular or poorly defined hexagons and pentagons. Neither 
sort are very regular, and the plates are separated usually by a slight 
interspace. The plates have a high shaft or tabulum, slightly nar- 
rowed at the summit and often variously compressed or with 8 to 5 
unequal sides, rather than a circular cross-section. The spinelets are 
very much shorter than the tabulum and commonly stand upright, 
forming a compact elliptical, or three to five-sided group of 40 to 
60 (on the larger paxillae). The spinelets are cylindrical, membrane- 
invested, and the tip is rounded or often knobbed with membrane, 
while the peripheral series has an inconspicuous web at the base. 
When the spinelets radiate apart the paxilla is roundish. Far along 
the ray there are 10 to 15 spinelets on the dorsolateral paxillae, and 
upward of 40 on the median radial. 

Papulae absent from median radial line; elsewhere usually in 
sixes about each plate. 
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Superomarginal plates 42 to a ray, the last 10 or 11 on each side 
of a ray in contact medially, and not corresponding plate to plate, 
but sometimes alternating. Beyond the interbrachial ares the plates 
encroach more and more upon the abactinal area as the extremity 
of ray is approached, so that from being proximally higher than 
wide they become wider than high. The general surface of the 
plate is covered with smooth skin and each bears on the rounded 
angle between the dorsal and lateral face a short, sharp, slightly 
compressed, conical spine. <A similar spine occurs in a correspond- 
ing position on each inferomarginal. Proximally the vertical fas- 
ciolar grooves (continuous between both supero- and inferomarginal 
plates) are wider than the elevated ridge separating them, but be- 
come narrower toward the end of the ray. The margin of the ele- 
vated ridge is provided with a series of numerous delicate spinelets 
entirely immersed in a web, which continues uninterrupted to the 
adambulacral plates, roofing over the channels between the consecu- 
tive double series of actinal intermediate plates. The grooves be- 
tween the marginal plates are closely packed with delicate spinelets 
i quincunx, these being visible at base of ray, and forming special- 
ized cribriform organs wider than the naked ridge separating suc- 
cessive grooves. But these cribriform organs, along with the groove 
containing them, become narrower and narrower toward the end of 
ray, and beyond the midde of ray are entirely roofed over by the 
peripheral web. The cribriform organs are slightly wider at the 
top than at the lower end, and contain about 16 vertical rows of un- 
webbed spinelets. On the inferomarginal series, the organ, which is 
absolutely the same and continuous with that of the superomarginal, 
narrows quickly and ends at the ventrolateral angle of the ray. 
Proceeding along the ray the organs become closed over by the 
peripheral roofing web somewhat sooner than do the superomarginal 
fascioles. The exposed surface of the cribriform organs forms a 
shallow V-shaped channel paved by the tips of the spinelets. 

The lateral face of the inferomarginal (between the ventrolateral 
spine and dorsal suture) is proximally about two-thirds as high as 
that of the corresponding superomarginal, but beyond basal third of 
ray becomes nearly or quite equal. There is a slight depression 
marking the suture between the two series of marginals, but no 
fasciole, the membrane being continuous. The actinal surface of 
inferomarginals is proximally slightly wider than high and sub- 
equal distally. The cribriform organs end abruptly at the ventro- 
lateral angle, the channels between that point and the furrow being 
shallow, and covered by the webbed spinelets only. Terminal plate 
broadly obovoid, depressed, with sometimes a spine on ventrolateral 
corner. 
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The actinal intermediate plates extend to the eighteenth infero- 
marginal, or somewhat less than half the length of ray, but beyond 
the fifth inferomarginal there is only a single series, largely ob- 
scured by membrane. The first double row of plates extends from 
the first inferomarginal to a mouth plate, and touches also the first 
2.5 or 3 adambulacrals; these two series contain 7 and 6 plates, re- 
spectively. The second double series, with 5 and 4 plates, corre- 
sponds to part of the third, the fourth, and half the fifth adambu- 
lacrals, or to the third and fourth only. The third double series has 
8 plates in each row, and the fourth and fifth double series have 2 
plates in each row. In addition to the flattened, rather broad, deli- 
cate spinelets supporting the marginal web, some of the plates have 
1 or 2 inconspicuous spinelets largely obscured by membrane. 

The adambulacral plates have an angular furrow margin. The 
facet or side toward the mouth is shorter on the first 10 or 12 plates 
than the other facet. The first 4 or 5 plates appear as if the furrow 
margin were oblique, as the short adoral facet is wholly occupied by 
an enlarged furrow spine. The first plate is compressed. The fur- 
row spines increase from 6 on the first plate to 9 or 10 far along the 
ray. Proximally, the adoral spine of the series is much enlarged, 
the others being graduated in length to the end of the series, the last 
being short. Beyond the sixth or seventh plate the enlarged spine 
decreases in relative size, and gradually moves toward the center of 
the group. The spines form a palmate radiate group, are stout, 
webbed basally, and have a little knob of tissue on the tip. The first 
7 or 8 plates have 5 to 8 stubby spinelets on the margin, more or less 
involved in the web. These become smaller distally, except 1 or 2, 
which stand on the aboral margin, and become slightly larger and 
more pointed. The first 6 or 7 plates have a fasciolar groove adja- 
cent to actinal intermediate plates, but beyond this point the mem- 
brane is continuous. 

Mouth plates prominent, the combined pair being narrowly trun- 
_eate-elliptical. That part of the margin bordering on the furrow has 
6 or 7 slender spines, followed on the inner end of plates by 2 heavier, 
longer, blunt spines (shorter than enlarged adambulacral spine). 
These are placed higher (or nearer the median suture) and merge 
into a series of 7 or 8 similar spines along the median suture. Six or 
7 other spines of about the same length, but slenderer, form an angu- 
lar series on surface of plate above the small furrow series, and 
thence along the border of suture adjacent to first adambulacral. 

Madreporic body convex, with five striae, situated 1.5 times its own 
diameter from marginal plates. It is as wide as the length of first 2 
superomarginals. Ampullae single. 
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Type.—Cat. No. 30506, U.S.N.M. 

Type-locality.— Station 5121, east coast of Mindoro (lat. 18° 27’ 20’ 
N.; long. 121° 17’ 45’’ E.), 108 fathoms, dark green mud; 1 speci- 
men. 

Distribution—Known only from the type-locality. 

Remarks.—This species differs from G. demonstrans Perrier in 
having, proximally, more open cribriform organs, in having a row 
of spinelets on both series of marginal plates, larger paxillae, supero- 
marginals in contact distally, and a different adambulacral armature. 


Genus PRIONASTER Verrill. 


Prionaster VeRRILL, 1899, p. 215. 
KEY TO THE KNOWN SPECIES OF PRIONASTER. 


a’. A specialized or enlarged spine on the distal transverse border of the adam- 
bulacral plates beyond proximal third of ray; inferomarginal spines, well 
developed and present on all the plates; interbrachial cribriform organs 
more or less open. 

b*. Superomarginal spine conspicuous and present on all the plates; paxillae 
small. 

ct. R=not more than 5 r; distal superomarginals apparently in contact 

medially ; madreporie body small with transverse striae; cribriform 

organs only slightly open, in interbrachium; odd interradial double 

series of actinal intermediate plates narrow at inner end, the series 

not wedge-shaped; first adambulacral perceptibly compressed ; 10 or 

tt furrow spinelets 2: 2 eee eee analogus, p. 50. 

c?, R=more than 6 r; distal superomarginals not in contact medially ; 

madreporie body large with radiating striae; cribriform organs open ; 

odd interradial double series of actinal intermediate plates wide at 

inner end, the combined series wedge-shaped ; first adambulacral not 

compressed ;)12/or 13 furrow spineletssi2=22225)==— gracilis, p. 55. 

b?, Supermarginal spine absent or very small, and present on only a part of 

the plates; paxillae very large; madreporic body large with radiating 

striae; ecribriform organs moderately open; paxillar area reaching ter- 

minal plate2 2 22 a ee ee eee megaloplaxz, p. 56. 

a?. No enlarged spine on distal transverse border of adambulacral plates; in- 
feromarginal spines small and sometimes absent from first few plates; 
interbrachial fascioles closed, the combs meeting in the middle of the 
faciole; paxillae at base of ray with 7 or 8 central and 15 to 17 peripheral 
spinelets ; 12 furrow spines; actinal surface of inferomarginals minutely 
HOSSea wee LTS Sea rma a a eee elegans. 


PRIONASTER ANALOGUS Fisher. 
Plate 3, fig. 1; plate 4, fig. 2; plate 6, fig. 2; plate 8, fig. 3, 3a—c. 
Prionaster analogus F1sHER, 1913a p. 602. 

Diagnosis —Superficially resembling Goniopecten asiaticus, but 
with smaller paxillae. Differing from P. elegans Verrill in having 
smaller and less compactly placed paxillae, an enlarged spine on 
the distal transverse border of plate, slightly open cribriform organs 
in interbrachium, and no minute bosses on the actinal surface of the 
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inferomarginal plates. Rays 5. R= 105 mm., r= 23 mm., r= 4.6r; 
breadth of ray at base, 24 mm.; at eighth inferomarginal, 12 mm. 
Rays long, slender, tapering abruptly at base, then scarcely at all 
until near the end; rays roughly rectangular in section (about half 
as wide as high), the four angles abruptly rounded; disk moderate; 
interbrachial arcs wide and open. Paxillae rather small; madreporic 
body medium sized; furrow spines, 10 or 11, and beyond base of ray, 
a subambulacral spine which is slightly larger than inferomarginal 
spine. 

Description —Paxillar area narrow on outer two-thirds of ray, 
and almost obliterated for the length of the distal 10 or 11 supero- 
marginals, which very nearly touch medially. Paxillae small, rather 
close-set, arranged in slightly oblique transverse rows on either side 
of the radial line, where the plates are not more crowded. Some- 
times the rows can be traced completely across the ray. About 9 of 
them correspond to 2 superomarginals at the base of ray. The 
abactinal plates are broadly elliptical to subcircular or faintly hexa- 
gonal, and are not in contact. Those in the interradii are largest. 
The tabulum or stalk of the paxilla is relatively high, has much the 
same shape in section as the base (although often more compressed 
or with several sides) and is crowned by a group of short, terete, 
knobbed spinelets of which 6 to 9 ordinarily form the radiating 
basally webbed peripheral series and 1 to 3 or none occupy center 
of group. Relatively few large paxillae have 20 peripheral and 8 
to 10 central spinelets. Papulae in sixes about each plate; absent 
from midradial line, and a stellate area on center of disk. 

Marginal plates exactly correspond. Superomarginals (40 to a 
ray) are higher than inferomarginals except on outer part of ray 
where they are subequal, and where the former are wider than high. 
The last 15 or 16 marginals (of both series) have a few low granu- 
liform prominences on the dorsal and ventral surfaces, these en- 
croaching upon lateral surface also near the end of ray. Each plate 
of both series bears on the lateral rounded angle and aboral edge a 
stout, short, sharp, conical spine, sometimes somewhat curved and 
with a clear tip. The spinelets supporting marginal web are deli- 
cate, close together, and in the interbrachial are are longer than the 
bare exposed ridge of the plate. Those of inferomarginals are not 
different from the superomarginal spinelets. The webs nearly meet 
across the cribriform organs, the spinelets of which can be seen 
between the edges of the webs. Farther along the ray the webs 
entirely cover the spinelets beneath. In the interbrachium the ridge 
between the cribriform organs is narrower than the cribriform or- 
gans themselves, and also narrower than the depth of the V-shaped 
groove containing the organ. The cribriform organs extend from 
the upper end of plate to actinolateral spine, and thence as simple 
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channels covered only by the webs, to the ambulacral furrow. The 
spinelets supporting the webs on actinal surface are much coarser 
than those of lateral surface. Supporting ihe web along one side of 
an interradial superomarginal are about 30 spinelets, and of the cor- 
responding inferomarginal as far as the spine, about 15. The odd 
interradial plates are just like the others. Terminal plate triangu- 
lar as seen from above, with five short spines on the broad distal 
end. In a young specimen these are relatively much longer and 
protect the terminal tentacle. 

Actinal intermediate plates extend to thirteenth inferomarginal; 
but beyond the fifth there is only a single longitudinal series. Each 
double transverse series corresponds accurately to an inferomarginal, 
that opposite the odd plate meeting the mouth plate and first or first 
and second adambulacrals. There are eight plates in each row of 
the odd interradial duplicate series. Surface of plates smooth, 
covered by thin membrane. There are ordinarily 5 to 7 spinelets on 
the margin of each plate that borders a timbriated channel. From 
the inner or coelomic side the plates are seen to be strongly imbri- 
cated, the free edge being that toward margin. _ 

Adambulacral plates with an angular furrow margin, the apex of 
which is nearly in the center of plate beyond middle of R, but moves 
toward the adoral edge of plate as the mouth is approached, until on 
the first 5 or 6 plates the apex is so near the adoral side of plate 
that the free margin is quite oblique, as in Goniopecten. The furrow 
margin bears, on the first (compressed) plate 6 to 8 spines, on the 
rest 10 or 11, basally webbed; they are rather long, close-set, blunt, or 
dully pointed, and the longest spine is on the apex of the angle, the 
rest becoming gradually and markedly shorter toward either end of 
series. The groups tend to meet across the furrow and segregate 
consecutive pairs of tube feet. At the base of ray, about 10 plates 
are free from the actinal plates and bear a marginal series of 6 to 8 
stout spinelets webbed for about half their length. One or 2 of these 
on the aboral edge of plate become gradually enlarged. Beyond the 
tenth plate one outstrips the other, forms a specialized sharp sub- 
ambulacral spine, similar to but slightly larger than the nearest in- 
feromarginal spine. Far along ray the furrow spines decrease rap- 
idly in size, while the subambulacral spine decreases slowly, so that 
there the discrepancy in size between the two is greatest, the subam- 
bulacral being the longer; proximally the reverse is true. 

Mouth plates prominent actinally and very similar to those of 
Goniopecten. The plates are interradially long and narrow. The 
furrow series consists of 8 or 9 small spines, similar to but shorter 
than those of the first adambulacral, there being a slight angle in the 
series near inner end of plate. Two or 3 irregular series of much 
heavier, short, pointed spines occupy the sloping surface of each 


STARFISHES OF THE PHILIPPINE SEAS. 53 


plate, increasing in size toward the inner end of plate, where one 
forms with its companion a pair of sharp conical teeth, which, how- 
ever, do not belong to the true marginal series. The surface of each 
plate has 15 or 16 spines. 

Madreporic body one and a third its own diameter from marginal 
plates. In diameter it equals the cross diameter of the combined 
mouth plates, or not quite the length of the first two superomarginals, 
It is crossed by striae radiating from an interradial point on the 
adcentral margin. 

Anatomical notes.—As the internal organs of this genus have not 
been described, a few notes on their salient characters will be given. 
The stomach is large and simple, filling nearly the whole disk, and 
consists of a single spacious cavity without dorsal and ventral divi- 
sions. The general contour is roundish, but is subdivided into 5 broad 
shallow radial lobes, from each of which proceed directly 2 short 
olive-green hepatic coeca, scarcely equaling in length the minor 
radius. The 10 hepatic coeca are about equidistantly spaced on the 
periphery of stomach. On each side of the ambulacral ridge 2 strong 
muscular and tendinous bands, one arising from the first and second, 
and the other from the third ambulacral ossicle pass upward and 
spread out on the stomach, on each side of the base of a hepatic 
coecum. On the middle of the dorsal surface of stomach and con- 
nected with it by a small aperture is a small three-lobed intestinal 
coecum, from the dorsal side of which a very short intestine leads 
upward and opens by an almost microscopic pore. If this aperture 
is functional it must be simply an exit for products of the intestinal 
coecum. 

Interbrachial septa wholly membranous. Gonads opening near 
marginal plates about 5 mm. on either side of septum. There are 
altogether 10 bunches, and they do not extend along ray. Polian 
vesicle in each interradius except that of madreporic canal, where 
there are 2. Ampullae single; tube feet pointed. First ambulacral 
plate enlarged and considerably thicker than those following, and 
the lower end is Y-shaped instead of spatulate. The proximal limb 
of the Y is much shorter than the other, and between the two is the 
first ampulla. The odontophore has two lobes toward the mouth and 
a single very much broader lobe between the lower ends of two 
neighboring ambulacral ossicles. The whole surface is entirely free. 
Superambulacral ossicles present but small at the proximal end of 
the series. 

Type.—Cat. No. 30507, U.S.N.M. 

Type-locality.—Station 5123, east coast of Mindoro, 220 to 283 
fathoms, green mud. 

Distribution—Sulu Sea and Mindanao Sea, Philippine Islands, 
219 to 283 fathoms. 

13434—Bull. 100—19——5 
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Specimens ecamined.—In addition to the type, 4 from the follow- 
ing stations: 

Station 5537, between Negros and Siquijor, 254 fathoms, green 
mud, bottom temperature 53.5° F.; 1 specimen. 

Station 5541, off Point Tagolo, northern Mindanao, 219 fathoms, 
fine sand, broken shells, bottom temperature 53.3° F.; 1 specimen. 

Station 5565, between Jolo and Tawi Tawi (east of northern 
Borneo) 243 fathoms, fine sand, shells; 2 specimens. 

Remarks.—This species resembles more closely the Atlantic form, 
P. elegans Verrill than it does either gracilis or megaloplax. I have 
been able to compare the type with a specimen of elegans from sta- 
tion 2400, Gulf of Mexico, 169 fathoms. The differences are con- 


trasted below: 


analogus. 


Paxillae at base of ray with 1 cen- 
tral and 9 or 10 peripheral spinelets ; 
paxillae not close-set on disk; smaller. 


Intervening ridge between mar- 
ginal fascioles about half as broad 
as the fasciole, or even less than half 
(in interbrachium). 

Fasciole between inferomarginals not 
narrowing toward the actinolateral 
angle of ray (as marked by the lateral 
spine). Inferomarginal fascioles on 
lateral face of interbrachium not nar- 
rower than the superomarginal fas- 
cioles. 

In interbrachium the fascioles or 
eribriform organs are slightly open, 
and are deeper, with more numerous 
spinelets. 

Inferomarginal spines larger. 


Actinal surface of inferomarginals 
narrower, without granulations; in- 
terradial inferomarginal plate bor- 
dered by about 6 or 7 spinelets, be- 
tween the large actinolateral spine 
and the inner margin of plate. 


Nine to 11 furrow spines, there be- 
ing an enlarged spine on the distal 
transverse border of plate beyond the 
proximal third of the ray. 

First 10 adambulacral plates are 
separated from the actinal interme- 
diate plates by a longitudinal fasciole. 


elegans. 

Paxillae at base of ray with 7 or 8 
central and 15 to 17 peripheral spine- 
lets; paxillae close-set on disk and 
larger. 

The intervening ridge as wide as 
the fasciole. 


Inferomarginal fascioles of lateral 
face of interbrachium narrowing to- 
ward the actinolateral angle of ray; 
the fascioles are narrower than the 
corresponding superomarginal  fasci- 
oles. 


The fascioles or cribriform organs of 
interbrachium are closed, the combs 
meeting in the middle of the fascioles. 


Inferomarginal spines smaller and 
sometimes absent from first 2 or 3 
plates. 

Actinal surface of inferomarginal 
plates with about 12 tiny granuliform 
protuberances or bosses under the 
skin; interradial inferomarginal plate 
bordered by 11 or 12 spinelets be- 
tween the actinolateral spine (if this 
is present) and inner margin of plate. 

Twelve furrow spines, there being 
no enlarged spine on the distal trans- 
verse border of the plate. 


Only the first 3 adambulacrals are 
so separated. 
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PRIONASTER GRACILIS Fisher. 
Plate 3, fig. 2; plate 6, fig. 1; plate 9, fig. 1, la—b. 
Prionaster gracilis FisHrer, 19138a, p. 603. 

Diagnosis.—Differs from Prionaster analogus in having conspicu- 
ously longer rays, with a distally wider paxillar area which reaches 
terminal plate; paxillae with slenderer, sharper spinelets; madre- 
poric body larger, with different striation; superomarginals nar- 
rower abactinally; cribriform organs open and exposed proximally; 
longer marginal spines; more numerous adambulacral spinelets; first 
adambulacral not compressed; double series of interradial actinal 
plates wider at inner or central end; enlarged subambulacral on mid- 
dle portion of ray only. R=165 mm., r=24 mm., R=6.9 r; breath of 
ray at base, 24 mm., at tenth inferomarginal, 14 mm. 

Description.—Rays very long and slender throughout the whole 
length. Paxillae small and crowded, about the same size as in 
analogus, but the spinelets slenderer, tapering, and bluntly pointed, 
not capitate or clavate as in analogus. The paxillae decrease in size 
from the proximal radial region toward the end of ray and center of 
disk. About 9 paxillae correspond to the first 2 superomargi- 
nals. There are about 14 spinelets to a large paxilla. At middle of 
ray the paxillar area is 2.5 times the width of dorsal surface of su- 
peromarginals. The paxillae reach the terminal plate. 

Abactinal plates lozenge-elliptical and more or less irregular on 
the ray, becoming more circular, with indications of 4 to 6 sides 
on the disk. On the rays the plates are slightly spaced, but just 
touch one another on the disk. The papulae extend nearly to tip of 
ray and are absent from a narrow radial strip, and from center of 
disk. 

Superomarginals, 74, the distal plates about as wide as high (much 
wider than high in analogus), and the last 4 plates nearly touch 
the opposite ones medially. The paxillar area is wider distally than 
in analogus, and fewer marginals approach the median line despite 
the much longer ray. Cribriform organs much more open than in 
analogus and even more open than in Goniopecten asiaticus, espe- 
cially between inferomarginals. In the interbrachium the width of 
the exposed portion of organ (exclusive of marginal web) is about 
1.5 mm., or a little over one-third height of superomarginal, or one- 
half lateral face of the inferomarginal. The organs become nar- 
rower very gradually toward the end of ray. The marginal spines 
are as in analogus but are longer. Terminal plate with apparently 
but 4 terminal spines (only 1 ray perfect). 

The interradial double row of actinal intermediate plates (7 in 
each series) is much broader at the inner end, therefore more wedge- 
shaped, than in analogus, owing to the fact that the first adambu- 
lacral plate is not compressed. The interradial area proper extends 
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only as far as the fifth inferomarginal, but a single series of small 
plates (which are rudimentary distally) reaches the fourteenth in- 
feromarginal. 

Furrow margin of the adambulacral plates is angular as in 
analogus (but in the midregion of the ray not so strongly so), and 
there are 12 to 14 furrow spinelets, webbed for nearly half their, 
length, the median spinelets being slightly the longest. Four or 5 
shorter spinelets stand on the outer border of plate, immersed in 
membrane, one of them becoming a specialized subambulacral spine 
on the midregion of ray (but not enlarged on the distal or proximal 
part of the ray). 

The transverse margins also bear 1 to 4 immersed spinelets. With 
the exception of the first and second, or first and third plates, the 
outer edge of the proximal adambulacrals not separated by a furrow 
from the actinal intermediate plates as in analogus, but the mem- 
brane is continuous. The first plate is scarcely compressed. 

Mouth plates very prominent actinally. The marginal series of 
12 spinelets is angular, giving the inner end of the combined pair 
a truncate appearance; but the series does not dip down into furrow 
quite so conspicuously as in analogus, although somewhat. The in- 
ner spine is enlarged into a conical tooth and Just above it one or two 
suboral spines are similarly enlarged. Numerous smaller spines are 
scattered over the surface of plates. 

Madreporic body situated its own diameter from marginal plates, 
its width equaling the length of three interbrachial superomarginals 
(one and a half in analogus). Striae fine, radiating from an eccen- 
tric point (nearer the adcentral margin than outer edge). In 
analogus they radiate from an interradial point on the adcentral 
margin. 

Type.—Cat. No. 30508, U.S.N.M. 

Type-locality.—Station 5425, Sulu Sea (lat. 9° 37’ 45’” N.; long. 
121° 11’ E.), 495 fathoms, gray mud, coral sand, bottom temperature 
49.40° F. 

Distribution—Sulu Sea and off Southern Luzon, Philippine 
Islands, 338 to 495 fathoms. . 

Specimens examined.—In addition to type, 1 from station 5373, 
off Marinduque Island (south of Luzon), 338 fathoms, soft mud, 
bottom temperature 51.8° F. 


PRIONASTER MEGALOPLAX Fisher. 
Plate 4, fig. 3; plate 5, fig. 1; plate 9, fig. 2, 2a-b. 
Prionaster megaloplax FisHer 1918a, p. 608. 


Diagnosis.—Differing from Prionaster analogus in the following 
features: Large compact paxillae with very numerous spinelets; large 
madreporic body; superomarginals not in contact distally; supero- 
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marginal spines absent or rudimentary; more open cribriform or- 
gans; relatively larger inferomarginal spines; the odd interradial 
double series of actinal intermediate plates broader at inner end 
and with more plates; first adambulacral not markedly compressed ; 
more numerous (12-13) furrow spines. R=250 mm., r=50 mm., 
R=5 r; breadth of ray at base, 56 mm.; at tenth superomarginal, 
28 mm.; at middle of ray, 20 mm. 

Description.—General form robust; disk large, rays long, com- 
paratively slender, but relatively shorter than in gracilis, and broader 
at the base. Paxillae conspicuously larger than in analogus and 
gracilis, and, like those of Goniopecten asiaticus, closely crowded, 
and as in other species arranged in oblique transverse rows on either 
side of the midradial strip of irregular ones. Pedicel of paxilla 
stout, often compressed, bearing a flat-topped polygonal group of 
equal, terete, blunt spinelets, about 25 to 80 occupying the periphery, 
and 20 to 40 the center. Far along ray there are about 2 to 5 central 
and 10 to 15 peripheral spinelets, blunter or more capitate than 
those on large paxillae. The paxillar area tapers evenly to the ter- 
minal plate, none of the superomarginals being in contact medially. 

The abactinal plates were examined from the inner side on the 
ray only. Here the plates are independent, kite-shaped (6-sided, 
with the transverse diameter the shorter) and arranged in regular 
oblique rows on either side of the midradial band where the plates 
are irregularly elliptical, somewhat irregular in arrangement, and 
larger than the lateral plates. Papulae in sixes. There is a distinct 
though small anal aperture. 

Marginal plates with rather open cribriform organs in interbra- 
chium. The width of the exposed area of fasciolar spinelets is equal 
to one-fifth, or slightly less, the height of superomarginal. Beyond 
middle of ray the fascioles are roofed over by the marginal web, un- 
less the latter is unduly shrunken by alcohol. Superomarginal plates, 
74 in number, confined to side of body in interbrachium. Far along 
ray they gradually encroach upon the abactinal area until near ex- 
tremity the width equals or slightly exceeds the height. The special 
superomarginal spinule is either absent, or present as a small spinelet 
on the proximal half of the ray. Inferomarginal spine larger than 
in analogus and about as in gracilis. In the interbrachium it equals 
or exceeds half the height of a superomarginal plate. One or 2 
proximal plates have 2 spines. 

Actinal interradial areas similar to those of gracilis, the interradial 
double series being broad at inner end, and containing, each, 10 
plates. Besides the fasciolar spinelets there are here and there a 
very few superficial spinelets under the membrane. The intermedi- 
ate plates extend to tenth inferomarginal. 
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Adambulacral plates strongly angular, the adoral facet the shorter. 
Furrow spines 12 or 13, terete, capitate, in a palmate series and 
basally webbed. The spines near apex of angle are the longest (about 
equal to length of plate) thence decreasing in length toward either 
end of series. A pointed, specialized subambulacral spine, situated 
on the outer aboral corner of plate, is present, accompanied some- 
times by a shorter companion, while 3 or 4 other shorter spines 
occur on the margin of plate, all immersed in membrane. The 
first dozen plates have the marginal spines subequal, or one slightly 
enlarged, and all more or less completely involved in membrane. 
Here and there a plate is partly separated from the actinals by a 
groove; usually the skin is continuous between actinals and adambu- 
lacrals. First adambulacral not markedly compressed. 

Mouth plates large, the combined pair truncate at inner end. Mar- 
ginal series of spinelets, 18, strongly angular, the spinelet at apex 
being deep in furrow, and the rest unequal; inner one or two enlarged 
into teeth. About half the spinelets face on actinostome and the 
rest on the furrow. Furrow surface of plate excavated for first 
tube foot. Surface of plate with 20 to 30 spinelets, about 10 of which 
border median suture and the rest stand below these in a couple of 
very irregular and variable series. 

Madreporic body-very large, in diameter equal to the length of 
the first 3 superomarginals, and situated twice its diameter from 
margin. Striae fine, radiating from a point midway between center 
and adcentral (inner) margin. 

Type.—Cat. No. 30509, U.S.N.M. 

Type-locality Station 5624, between Gillolo and Makyan Islands, 
Molucca Islands (lat. 0° 12’ 15’ N.; long, 127° 20’ 30’ E.), 288 
fathoms, fine sand, mud. 

Distribution —Molucea Islands, 230 to 288 fathoms. 

Specimens examined.—In addition to the type, an abnormal ex- 
ample from station 5625, between Gillolo and Kayoa Islands, Mo- 
lucea Islands (lat. 0° 07’ N.; long. 127° 28’ E.), 230 fathoms, gray 
mud, fine sand. 

Remarks.—The following differences separate this species from the 
two preceding: The paxillae are much larger, with many more spine- 
lets; the superomarginal spinule is inconspicuous and present only 
on the middle portion of ray. Alegaloplax is separated from analo- 
gus by several additional characters: The large madreporic body; 
superomarginals not touching along the radial line, distally; more 
open cribriform organs; first adambulacral not markedly com- 
pressed ; odd interradial double series of actinal intermediate plates 
conspicuously broader at inner end (more than 3 times width of 
outer end) ; furrow spinelets 12 to 13 (10 or 11 in analogus). The 
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following additional differences separate megaloplax from gracilis: 
Ray shorter in megaloplaw (R=5 r); dorsolateral edge of ray more 
rounded; ray broader, with a decidedly broader paxillar area, which 
tapers more evenly from the base toward tip, and despite their larger 
size, there are more paxillae in a transverse row across ray than in 
gracilis (at middle of ray, 28 in megaloplax, 17 in gracilis) ; sub- 
ambulacral spine more conspicuous in megaloplaw. 

The example from station 5625 is remarkable from having only 
two interradii normal as regards the odd marginal plates and the 
odd double series of actinals leading therefrom to the mouth plates. 
These two interradii are that of the madreporic body and the adja- 
cent one to right (between bivium and trivium). One other inter- 
radius has paired inferomarginals and superomarginals, and paired 
double series of actinal intermediate plates. Another has an odd 
superomarginal and paired inferomarginals and actinals. The fifth 
has paired superomarginals and apparently paired inferomarginals, 
but the odd plate is pushed to one side of the median interradial 
line and a supernumerary plate is inserted in the ventral series a few 
plates distant. The odd actinal double series is also crowded to one 
side, but its inner end meets the combined mouth plates. The disk is 
somewhat smaller than that of type, and the paxillae of disk a trifle 
smaller. 

This abnormal specimen does not particularly suggest a hybrid, 
with Goniopecten asiaticus. It is puzzling to account for the unsta- 
bility of the generic characters, however. In one interradius the 
specimen is Goniopecten, in two it is Prionaster, while in two others 
it is a combination or mosaic of the two genera. 


Family ASTROPECTINIDAE Gray 1840, emended. 


Subfamily CRASPIDASTERINAE Fisher. 
Craspidasterinae FisHEr, 1916a, p. 3. 


Diagnosis.—Resembling the Goniopectinidae in having a single 
series of webbed peripheral spinelets on the marginal and actinal 
plates, but differing in lacking the characteristic double serial ar- 
rangement of the actinal intermediate plates, which are arranged 
essentially as in the Astropectininae; in having patently double am- 
pullae, and in the form of the hepatic coeca which arise from five 
radial diverticula of the dorsal part of the stomach, as in Astro- 
pecten. 
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Genus CRASPIDASTER Sladen. 
Craspidaster SLADEN, 1889, p. 175. Type, Archaster hesperus Miiller and 
Troschel. 
CRASPIDASTER HESPERUS (Miiller and Troschel). 


Plate 9, fig. 3. 


Archaster hesperus Mittier and TroscHer, 1840, p. 104; 1842, p. 65. 
Stellaster sulcatus Moéxsrus, 1859, p. 11, pl. 5, figs. 1 and 2. 

Craspidaster hesperus SLADEN, 1889, p. 177, pl. 17, figs. 5-7; pl. 18, figs. 1-4. 
Astropecten macer SLuitEerR, 1889, p. 297; 1895, p. 53. 

Sladen has given figures and a careful description of this species 
and has noted the principal variations. 

The largest of the Philippine specimens has R=52 mm., r=12 mm., 
R=4.83 r; superomarginal plates 38; furrow spines, 6-7. In this 
specimen the little thumblike subambulacral spinelet described and 
figured by Sladen in his Hongkong specimen is not present, and 
the fringe of spinelets along the inner edge of the inferomarginal 
plates is found much farther along ray than indicated by Sladen. 
It is variable even in the Philippine examples; in some it persists 
nearly to the end of the ray (station 5209) while in an example from 
station 5375 the fringe is rudimentary beyond the limit of actinal 
intermediate plates. 

Anatomical notes.—The midradial line and center of disk are with- 
out papulae. Here the plates are nearly circular or with 5 or 6 faint 
scallops by which the plates overlap shghtly. Elsewhere the plates 
have 5 or 6 short lobes by which they are in connection with neigh- 
boring plates. This arrangement is unlike that of Prionaster and 
Goniopecten, in which the plates are independent. The papulae are 
usually in sixes about each plate. In the family Astropectinidae 
all gradations between independent circular or elliptical plates and 
stellate imbricated ones are found. 

The stomach is spacious and from the dorsal part arise five radial 
diverticula, each of which, dividing, gives rise to two hepatic coeca 
which extend along ray to about the seventh superomarginal. Thus 
the coeca arise from a common tube, and not independently as in 
Prionaster. The ventral portion of the stomach, which is very ex- 
tensible, is not separated from the aboral portion by any sharp line 
of division. Its radial portions contain small gastropods and pele- 
cypods. The intestinal coecum is represented by a single large sac- 
like diverticulum lying in an interradius on the dorsal surface 
of stomach, its extremity nearly reaching the marginal plates. I 
can not determine whether this connects with the stomach, but a 
minute intestine passes upward in the interior of a slight epiproctal 
cone. A lumen is present, and presumably the intestine opens by a 
tiny pore, although I have not been able to see it. The paxillae are 
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very small and crowded in this region. Viewed from the coelomic 
side, the intestine appears to pierce the integument. 

Interbrachial septa membranous. Gonads in a single tuft attached 
to dorsal integument on either side of septum and near marginal 
plates. Ampullae double; tube feet pointed, without deposits in the 
walls. 

A Polian vesicle in each interradius except that of madreporic 
canal where there are two. Well developed, slender, superambulacral 
ossicles are present. 

The internal anatomy as a whole is rather more like Astropecten 
than Prionaster, especially in regard to the stomach. In certain 
features, as in the ambulacral system, both resemble Astropecten. 

Type-locality—Japan (Miller and Troschel). 

Distribution.—Japan to western shore of Bay of Bengal (Vizaga- 
patam, India [Koehler]; Mergui Archipelago [Rudmose Brown]; 
Singapore [von Martens]; Banka Straits [Sladen]; Philippines 
[Sladen]) and south to the Aru Islands, west of New Guinea (Koeh- 
ler). The southernmost locality in the Philippines is station 5235, — 
Pacific Ocean, off Mindanao. The bathymetrical range is 9 to 107 
fathoms. 

Specimens examined.—Sixteen specimens. from the following 
Philippine localities: 


Specimens of Craspidaster hesperus examined. 





Nature of | Num- 
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Subfamily ASTROPECTININAE Sladen. 


Diagnosis—Phanerozonia with large marginal plates, true pax- 
illae, and parapaxillae; with pointed tube, feet (a flat or true 
sucking disk being always absent) ; with double ampullae; no cribri- 
form organs, but frequently well-developed marginal fascioles, which 
are never webbed; actinal fascioles never webbed; with an intestine, 
and usually an intestinal coecum; anus absent, small, or well devel- 
oped; superambulacral plates always present. 

This division corresponds exactly to the Astropectinidae as de- 
fined by me in Asteroidea of the North Pacific (1911d, p. 387). The 
family has been changed only by the addition of Craspidaster, for 
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which a new subfamily has been made. The Astropectininae lack the 
webbed marginal and actinal fascioles of Craspidaster. While the 
name was coined by Sladen, the subfamily as here used is more ex- 
tensive than his, as it includes several of his Archasteridae as well as 
subsequently described groups. For a discussion of this family see 
Fisher, 1911d, p. 37. 


Genus ASTROPECTEN Gray. 
Astropecten Gray, 1840, p. 180. 
KEY TO THE SPECIES OF ASTROPECTEN HEREIN DESCRIBED. 


a. Superomarginal spines in a single definite series continuous throughout ray, 
with exception sometimes of second, third, and fourth plates. 
b*. Superomarginal spines upright and prominent, proximally equaling or ex- 
ceeding height of plate; no conspicuously enlarged subambulacral spine. 
c’. The second, or second and third, superomarginals without spines ; infero- 
marginals with 4 or 8 large bristling spines in a transverse series; 
superomarginal spines 1.5 to 2.5 times height of plate. 
polyacanthus, p. 68. 
e. Superomarginal spines continuous throughout ray ; inferomarginal plates 
with 3 lateral spines and spaced therefrom, 1 on the actinal surface. 
phragmorus, p. 65. 
b?. Superomarginal spines small, much less than height of their plate; one of 
the subambulacral spines conspicuously enlarged. 
c. Superomarginal spines all on inner edge of plates; 1 lateral spine with a 
Sma ycompanion] sae) Le aire ae ee oe eee mindanensis, p. 67. 
@. Superomarginal spines of first few plates at inner edge, thence moving 
to angle between lateral and dorsal surfaces of plate; some plates 
with occasionally 2 spines; lateral spines 2 or 3, with proximally 1 or 
more smaller actinal companions___________________ maequalis, p. 69. 
a’. Superomarginal spines small, confined to first, or first 2 or 3 plates, or ex- 
tending over half the length of ray, but not the entire length. 
b*. Rays short and stout; R less than 5 r; superomarginal spines on first, or 
Hirst Zions plates only ae = ee ee velitaris, p. 70. 
b*®. Rays long and slender; R more than 6 r; superomarginal spines on a few 
proximal plates or on all but the last third of ray. 
c’. Subambulacral spines 8 or 4, none enlarged; superomarginal spine at 
base of ray only ; mouth spines in regular series______ luzonicus, p. 82. 
@. Superomarginal spines on all except outer third of ray; subambulacral 
Spines more that 5, one in the first series enlarged; mouth spines 
irregularly arranged. 
da’. No superomarginal or inferomarginal pedicellariae; abactinal and 
adambulacral pedicellariae very few ; paxillae medium-sized ; supero- 
marginals of proximal half of ray not longer than wide; lateral 
spines|o;;sometimes; 42 2.2. 282 Sot eer tenellus, p. 84. 
ad’. Numerous abactinal, superomarginal, inferomarginal, and adambula- 
cral pedicellariae; superomarginals of the proximal (as well as 
distal) half of ray longer than wide, except the first 8 or 9 plates; 
lateral spines 4,°3 on distal third of ray_-___--~- pedicellaris, p. 87. 
b®. See also monacanthus and eucnemis, where a small spine may occur 
aberrantly on the first, or first 2 or 3 plates. 
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a*. No superomarginal spines. 

db’. Paxillae small, delicate; abactinal spiniform pedicellariae; furrow spines 
47 OTD): sO CCDP Waele se ane ee ee oe es eremicus, p. 79. 

b?, Paxillae medium or large; no abactinal paxillae; furrow spines 3. 
c’. Rays long and narrow in the adult; R more than 5 r; lateral spines 2. 
; eucnemis, p. 75. 
c?. Rays stout and short, or of medium length; R less than 5 r; lateral 

spines 1 to 3. 

da’, Lateral spines 2 or 38, with sometimes actinal accessory spinules; in- 
feromarginal spinelets not remarkably flat and spatulate; supero- 
marginal plates broad, with small granules_______ granulatus, p. 73. 
d@, Lateral spine, one; inferomarginal spinelets flat and scalelike; sub- 
ambulacral spines very flat and broadly spatulate; superomarginal 
plates narrower, with large granules___________ monacanthus, p. TA. 


ASTROPECTEN POLYACANTHUS Miiller and Troschel. 


Astropecten polyacanthus MULLER and TrRoscHEL, 1842, p. 69, pl. 5, fig. 3. 


Notes on Philippine specimens.—In order to record the more evi- 
dent variations in the armature of the 6 specimens I have drawn up 
a sort of synopsis or key. 


a*. Only the second superomarginal without a spine; superomarginal spines 
about 1.25 times height of their plate; superomarginal series of spines proxi- 
mally 5, then 4, and only at tip of some of the rays, 3; they are slender, ap- 
Dressedaands Very; SWAN p aes. ae tk ee Catbalogan, Samar (1). 

a”, The second and third, rarely the fourth, superomarginal without a spine; 
superomarginal spines proximally 2 to 2.5 times height of their plate. 

b*. Inferomarginal spines 4, narrow, slightly flattened, bristling. All ac- 
tinal spinelets relatively longer and stouter than in b? and a’; supero- 
marginal and lateral spines unusually stout, the former the more robust. 

Station 5165 (1). 

b?. Inferomarginal spines 3, the third situated at or near inner end of plate, 
spaced from the other 2. 

c*. Superomarginal spines stout and long, proximally 2 to 2.5 times height 
of their plate; superomarginal plates higher than long on proximal half 
of ray; inferomarginal spines narrow, slightly flattened, sharp; paxillar 
area wider (opposite fourth plate equal to length of 3.5 to 4 succeeding 
SUPELOMAT IN GS) ee Meee Station 5165 (1); Usada Island (1). 

c*, Superomarginal spines slenderer, and variable in length proximally ; 
superomarginal plates (except the first 2 or 3) longer than high; outer 
inferomarginal spine conspicuously longer than the rest, flat, broader 
toward tip than at base, narrowing abruptly to a sharp point (rarely 
bifid) ; paxillar area narrow (opposite fourth superomarginal equal to 
length of 1.5 to 2.5 succeeding plates) ; the smaller inferomarginal spines 
are rather more delicate than in the preceding variety. This variety 
seems to be similar to a specimen mentioned by Sladen (1889, p. 201) 
from the Admiralty Islands____________ Stations 5159 (1) and 5174 (1). 


In the last variety the flattened leaflike, sharp lateral spines and 
narrow paxillar area produce a combination of characters which 
alters the general facies very markedly. When a sufficient number 
of specimens from many localities are examined by one person this 
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species will be split up. Long ago Sladen* pointed out the possible 
error in too comprehensive species, such as polyacanthus. He said: 


Without calling in question the accuracy of M. Perrier’s determination, the 
occurrence of such instances as this of a form presenting strongly marked 
variations at different stationS within the area of its distribution, urges upon 
naturalists the necessity of exercising extreme caution against being led away 
by a tendency to group too comprehensively the ferms which may be included 
within a large and widely distributed genus; for, however seriously the mul- 
tiplication of frivolous ‘‘ species”? may embarrass a classification, the whole- 
sale grouping, or, in other words, the unbounded extension of the limits of 
specific character, is productive of more injurious results, in that it curtails 
the precision of definition, and, whilst ignoring environment as a factor, 
divests nomenclature of one of its highest and most important qualities. 

from the fact that forms are separated by much smaller and less striking 
differences in an extensive genus, than in one of more limited scope, ‘ species ” 
in the larger group have often not such clearly marked or conspicuous charac- 
ters as those which are presented by “ varieties ” in a less comprehensive genus. 
It follows that the judgment should be very cautiously exercised when tempted 
to embrace within a single species all the strongly marked distributional ex- 
tremes of any widely spread type, however closely their connection may seem 
to be preserved through intermediate forms; for in many cases these grada- 
tions are nothing more or less than the links which indicate to us the develop- 
ment of “ species,’ and are, in short, the stages with which generally we are 
unacquainted, owing either to the imperfection of knowledge, or more fre- 
quently by reason of their destruction through the hostility of unfavorable 
conditions. 


Without a large series of specimens from numerous localities it 
will be difficult to arrive at a solution of Astropecten polyacanthus, 
for it is likely that the rather conspicuous individual and habitat 
variations somewhat mask small and constant differences due to 
wide geographic separation. 

Type-locality—Red Sea. 

Distribution —The Red Sea to Zanzibar and Mozambique, the Sey- 
chelles, Ceylon, Mergui, Andaman Islands, China, Japan, Philip- 
pines, Port Jackson, Australia, Admiralty Islands, Aru Islands, 
Fiji Islands, Hawaiian Islands. 

Specimens examined.—Six specimens from the following localities: 

Catbalogan, Samar, shore; 1 specimen. 

Usada Island, vicinity of Jolo, shore; 1 specimen. 

Station 5159, Tawi Tawi Group, Sulu Archipelago, 10 fathoms, 
coarse sand, shells; 1 specimen. 

Station 5165. Same locality, 9 fathoms, coral; 2 specimens. 

Station 5174. Vicinity of Jolo, 20 fathoms, coarse sand; 1 speci- 
men. 








1 Journ. Linn. Soc. Zool., vol. 14, 1879, p. 429. 
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ASTROPECTEN PHRAGMORUS Fisher. 
Plate 11, fig. 5; plate 14, figs. 1, 1a-b. 


Astropecten acanthifer phragmorus FisueEr, 1913a, p. 604. 
Astropecten phragmorus D6ODERLEIN, 1917, p. 178. 


Diagnosis.—Very similar to A. acanthifer Sladen, but differing in 
having narrower rays; more perpendicular superomarginals, bearing 
larger spines on the extreme upper and inner edge of plate (not 
spaced conspicuously therefrom) ; a relatively longer actinal infero- 
marginal spine and longer marginal spines generally (especially in 
proportion to width of ray); an incipiently enlarged subambulacral 
(more noticeable in young examples). R=48 mm., r=8 mm., R=6r; 
breadth of ray at second superomarginal, 9 mm. The brownish 
marking seems to be distinctive also. 

Description.—Rays slenderer than in acanthifer although the disk 
is no smaller. Sladen gives the proportions of the type as R=6.43 r, 
but the figure shows proportions of R=between 5 and 6 r, nearer 5. 
The narrower rays of the present species will be evident on a compari- 
son of figures. Paxillar area very compact, the outlines of indi- 
vidual paxillae being sometimes difficult to distinguish. The paxillae 
are similar to those of acanthifer, but the spinelets are a little longer 
and slenderer, judging by the figure, although in the largest speci- 
mens, numerically about the same. 

Superomarginal plates, about 35 in number, confined to side of 
ray proximally and forming a steep bevel; encroaching more and 
more upon the abactinal surface, and becoming relatively lower and 
more arched on outer half of ray. In acanthifer the proximal plates 
have a definite rounded angle between the dorsal and lateral surfaces, 
and on this angle the small, superomarginal spine is situated. In 
phragmorus the proximal plates slope very steeply, and nearly the 
whole of the upper end is occupied by the base of the stout, tapering, 
slightly flattened sharp spine, which, on the outer third of the ray, 
withdraws shghtly from the inner edge of the plate. The supero- 
marginal spines of phragmorus are situated as the two to four inter- 
brachial spines of acanthifer. The first spine is 3 mm. long, stouter 
and longer than the rest, and slightly exceeds the height of plate; 
and all along ray the spines preserve the same proportion to their 
plate, as the plates become lower. They are much stouter and longer 
than in acanthifer. General surface of plate covered with slightly 
spaced spinelets, terete and blunt except in the middle where they are 
a little stouter and more squamiform, increasing in size around the 
base of spine. 
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Lateral inferomarginal spines 3, slender, tapering, slightly flat- 
tened, and sharp, the upper the longest and stoutest, on the proximal 
plates about 3.5 plates in length (about 5 mm.) ; second spine nearly 
as long as first; third about half as long as second, but in very young 
specimens sometimes relatively longer. The fourth spine is placed 
as in acanthifer, but is flattened and longer, being a little over one- 
half to about two-thirds the length of the longest lateral spine. This 
spine extends one-half to three-fourths the length of ray. As many 
as 5 proximal plates may have 2 of these spines, in a cross series. 
General covering of plate essentially as in acanthifer, except that 
there are no accessory spinules in front of the 3 lateral spines as 
figured by Sladen. 

Adambulacral armature: (1) Furrow spines, 3, relatively long, 
flattened, slender, round tipped or truncate, the middle the longer, 
slightly tapering, with edge to furrow; the lateral also slightly 
tapering with flat side to furrow. (2) Subambulacral spines, usually 
6, similar in character to furrow spines, slightly tapering and round 
tipped or truncate, arranged in 2 series, or with 1 in center, sur- 
rounded by 5; in this case there are 2 spines back of the furrow 
series, forming an oblique longitudinal series and back of these, 4 
in a diamond-shaped arrangement. The aboral member of the first 
series is slightly larger than its companion, and in small specimens 
very much larger; in these there are only 2 or 3 subambulacrals, 
with a minute companion or two. 

Mouth plates very similar to those of A. acanthifer. Any slight 
differences seem to be covered by individual variation. 

Actinal intermediate plates, 4 in each interradius, with the slender 
spinelets in two close groups, in some cases forming incipient pedicel- 
lariae, in others a paxilla. 

Madreporic body small, partly concealed, its own diameter or less 
from margin; very convex, and with rather coarse transverse striac. 

Color in alcohol; rays with 2 or 3 broad crossbars of brown on 
buffy ground; and in addition some specimens have a narrow line 
proceeding along each radius from near middle of disk to end of ray. 

Young.—Some small specimens, ranging in size from R, 10 mm., 
to R, 18 mm., have been referred to this form. The rays are much 
shorter than in the adult, R equaling 3 to 3.5 r. The paxillae are 
smaller and less compact, with 1 central and 5 to 8 peripheral spine- 
lets on the disk and only 4 or 5 altogether on the ray. The supero- 
marginal plates are well developed as in the adult, the first spine 
being the most conspicuous. There are 8 lateral inferomarginal 
spines, but they are stouter and shorter than in the adult. The fourth 
spine is wanting except on the first 2 or 8 plates. The subambulacral 
spines vary in number from 2 to 4 but only 2 are of any size and 1 of 
these is conspicuously larger than its adoral com@anion. 
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Type.—Cat. No. 30510, U.S.N.M. 

Type-locality—Station 5157, off Tinakta Island. Tawi Tawi 
Group, Sulu Archipelago, 18 fathoms, fine sand. 

Distribution—Sulu Archipelago to southern Luzon, east coast of 
Palawan, and east coast of Mindanao, in 14 to 44 fathoms, sand and 
mud. The known distribution centers, therefore, in the shallow en- 
virons of the Sulu Sea. 

Specimens examined.—Forty-six from the following localities: 


Specimens of Astropecten phragmorus examined. 


















, : Nature of Num- 
Station. Locality. Depth. bottom: por) 
Fathoms. 

5104 | China Sea, off southern Luzon.....................---+-- ae Ob ie ae Sa eee 1 
5156 | Off Tinakta Island, Tawi Tawi Group .................... 2 cane shells... _ 
é BG Sy ed Os sceseene 2 
12th eee Gor so ae ssh 1 

16 Fine sand..... 1 

Off eastern Panay..-........ = 26 Mud, fine sand 9 

5235) |WOfieast: coast of Mindanao.) 2c. le se  yacc cee eee 44 Soft mud...... 1 
5342 | Ma ampaya Sound. west side of northern Palaw an?sland - 14-25 Gray mud..... 15 
5358 | Sulu Sea, off Sandakan Harbor, Borneo...........-.--.--- | 39 Mua eee sce: 2 
5426 | Off east coast Palawan (lat. 9° 12’ N.; long. 118° 28’ E. yes 27 Fine gray sand 2 
Sandakan' Bay, Bormeo.sssac--tacceaue cee bcos castiewcceate 2 Sand, rocks - 1 











Remarks. ences separating this form from acanthifer 
of the Banda Sea have already been dealt with. The only species 
which has longer superomarginal spines than phragmorus is the well- 
known Astropecten polyacanthus. No species of the Indo-Pacific 
region, other than polyacanthus, has the superomarginal spines as 
long as those of phragmorus. 


ASTROPECTEN MINDANENSIS Déderlein. 
Plate 10, fig. 2. 


Astropecten mindanensis D6OpDERLEIN, 1917, pp. 52, 181, 178, pl. 4, fig. 8; 
pl. 12, figs. 3-3c. 

Diagnosis —Similar to Astropecten andersoni Sladen, but with 
narrower rays, and the longer superomarginal spines all close to the 
inner margin of the plate; proximal inferomarginal lateral spines 
broad and flat. R=3.8 to 5.5 r; breadth of ray at base about 
equal to r. 

Description—The original description is substantially as follows: 
R:r=30:9 mm.; R=4.3 r. The rays taper rather uniformly from 
the base to the extremity. R equals from 3.8 to 4.4 r. The supero- 
marginal plates are extremely narrow, and throughout much higher 
than broad. The paxillar area, opposite the fifth superomarginal 
plate, occupies two-thirds of the total breadth of the ray. Here 5 
transverse series of paxillae correspond to 2 marginal plates. The 
central spinelets of the paxillae (upward of 12) are appreciably 
smaller than the peripheral spinelets. The superomarginal plates 
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are not very thickly covered with coarse, flat squamules, which are 
much thicker than the paxillar spinelets, and they all carry a rather 
small, conical, somewhat flattened spine close to the inner edge of 
the plate, but separated from it by 1 to 3 rows of granules [original 
description, 2 or 3]. The inferomarginals are thickly covered with 
somewhat lengthened, broad, mostly acute squamules, without 
spinules on the aboral border of the plates. The large marginal 
spine, as long as 3 plates, is flat, broad and only slightly tapered, 
but has generally a sharp point. Under it is a much smaller flattened 
spine, and below this 2 or 8 much shorter ones still. 

There are 2 actinal intermediate plates [4 to each interradius]. 
There are 5 furrow spines, of which the median is somewhat length- 
ened. Of the 2 spines of the second row, the aboral is not longer, 
but is very flat and broad, and rather acute, while the adoral is com- 
paratively very small. On the outer part of the plate are several 
small spinelets. 

T ype-locality— Mindanao. 

Distribution —Palawan, Samar, and Mindanao. 

Specimens examined.—F ifty-eight from the following localities: 

Mantaquin Bay, Palawan, 4 feet; 1 specimen. 

Catbalogan, Samar, shore; 1 specimen. 

Catabato, below mouth of Mindanao R., Mindanao, 6 feet, sand 
and mud; 3 specimens. 

Station 5345, Malampaya Sound, Palawan Island, 7 fathoms, mud; 
53 specimens. 

Locality doubtful, 1 specimen. 

Remarks—The largest specimen has R=55 mm., r= 10 mm., 
R=5.5 r. A smaller example has R=30 mm., r=7 mm., R=4.3 r. 
There is some variation. There are usually 1 to 5 central paxillar 
spinelets in the Albatross specimens, and the major subambulacral 
spine is generally a little longer than the median furrow spine. The 
proximal inferomarginal plates sometimes have an incipient fascicu- 
late pedicellaria near the inner end of the plate. There is consider- 
able variation in the frequency of the spinules below the minor 
marginal spine. 

Déderlein separates this species from andersoni and debilis as fol- 
lows: 





a’. Spines of the superomarginal plates all very close to the inner margin of 
the plate and at least as long as the plate. The large inferomarginal 
spine on the proximal part of ray broad and flat-____-_--_-_~_ mindanensis. 

a’. Spines of the distal superomarginal plates on the outer margin of plate and 
shorter than the plate. Large inferomarginal spine slender through- 
out ray. 

b*. Squamules of inferomarginals longer than broad______________ anderson. 
b%. Squamules of inferomarginals circular_-_-___----_____-4_____- debilis. 
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ASTROPECTEN VAPPA INAEQUALIS, new subspecies. 


Diagnosis.— Differing from Astropecten vappa Miiller and 
Troschel? in having slenderer rays, a noticeably narrower paxillar 
area, very unequal subambulacral spines in the first series, the aboral 
being much longer and broader than the adoral spine, and in having 
more delicate, rather less granuliform superomarginal spinelets. 
R = about 62 mm., r = about 15 mm., R = about 4 r; breadth of ray 
at base, 16 mm.; breadth of paxillar area on same transverse line, at 
second superomarginal, 7 or 8 mm. 

Description.—Paxillae compact, close set, the larger at base of ray 
and adjacent portion of disk, with about 15 terete peripheral spine- 
Jets and upward of 12 central shorter, somewhat thicker ones. Across 
the ray from one second inferomarginal to the opposite side, 10 to 12 
paxillae can be counted. There are about 2 rows of paxillae to each 
superomarginal. 

Superomarginal plates about 36, their proportions and major 
spines as in vappa. There is a series of short conical spines extend- 
ing the whole length of the ray, the first on the inner margin of the 
plate, while the next 4 or 5 are successively nearer the middle of 
plate, an approximate position maintained by the remainder of the 
series. Central spinelets of dorsal face of plates appreciably coarser 
and shorter than those of lateral face, and slightly coarser than the 
central spinelets of paxillae. 

There are 2 lateral inferomarginal spines (the lower about two- 
thirds or three-fourths the length of the upper), sharp, somewhat 
flattened on the basal third of ray. They are usually accompanied 
by 2 to 4 squamiform spinules which stand on the adoral side of their 
bases. On the first 2 or 3 inferomarginals there are 8 to 5 flattened, 
broad, sublanceolate, appressed spinules, much shorter than the main 
jateral spines, in a row on the actinal surface of plate; on the rest 
of the plates of the proximal half of the ray there are 1 or 2 such 
spinules near the aboral border. 

Actinal intermediate plates, 4 in each interradius. 

The median adambulacral furrow spine is compressed and longer 
than the laterals. In the next row are 2 spines, of which the aboral 
is much the larger, flattened, strap-shaped, with a truncate or slightly 
rounded tip, and about 2 mm. long. The proximal spine of this 
series is situated slightly nearer to the furrow, and beyond the base 
of ray it is about 0.6 the length of the other, and very much slen- 
derer. Back of this series are a few delicate spinelets. 

Type.—Cat. No. 40124, U.S.N.M. 

Type-locality—Station 5174, vicinity of Jolo, 20 fathoms, coarse 
sand; 1 specimen. 








1 As described by Diéderlein, 1917, p. 124, pl. 5, fig. 1; pl. 11, figs. 2, 2a, 3. 
13484—Bull. 100—19—6 
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Distribution—kKnown only from the type-locality. 

Remarks.—1 have based my comparisons of this form upon the 
figures and description given by Déderlein in his recent revision of 
Astropecten (Déoderlein, 1917). 

In the general appearance of the abactinal surface, inaequalis 
bears a close resemblance to the figure of A. mauritiensis (= A. ben- 
galensis Déderlein) given by Koehler in his Shallow-water Aster- 
oidea (Koehler, 1910a, pl. 5, fig. 7), except that in znaeqgualis the 
paxillar area is narrower. Déderlein on plate 5, figure 1, gives a 
clear figure of the dorsal aspect of a specimen of vappa from Sharks 
Bay, Australia. As compared with this, the paxillar field of 
inaequalis is much narrower, occupying only about half the total 
width of the ray at base, while in vappa it occupies two-thirds. Do- 
derlein’s figure 2a, plate 11, shows that the adoral spine of the inner 
subambulacral series is relatively much larger than in émaequalis. 
In vappa there are apparently more conspicuous and rather more 
numerous actinal inferomarginal spines in addition to the 2 lateral 
spines. 

The present race seems to be more nearly related to vappa than to 
acanthifer, although the latter is found in the Banda Sea and near 
Flores, two localities geographically nearer than the habitat of 
vappa, which is recorded by Déderlein from southwest Australia and 
New South Wales. In acanthifer the marginal spines are all slen- 
derer and the inferomarginal armature is more bristling. There is 
a well-developed, conical, sharp actinal inferomarginal spine instead 
of an aboral series of flattened, sublanceolate, appressed spinules. 


ASTROPECTEN VELITARIS von Martens. 
Plate 11, figs. 3, 4; plate 14, fig. 2. 


Astropecten velitaris Von Martens, 1865, p. 360.—SLApDEN, 1889, p. 214.— 
DGDERLEIN, 1896, p. 307, pl. 18, figs. 32, 32a; 1917, p. 159, pl. 6, figs. 5, 15, 
16; pl. 15, figs. 3-3a.—KorHtrER, 1910a, p. 44. 

Notes on Philippine specimens.—The largest specimen in the col- 
lection has R=32 mm., r=9 mm., R=3.55; another has R=32 mm., 
r=8.5 mm. There are numerous specimens nearly as large. These 
are not “young,” for the gonads are well developed. If this form 
is true velitaris, as it seems to be, the idea that it is the young of A. 
hemprichii, or of some other species, may be definitely abandoned. 

Most of the specimens have a stout conical superomarginal spine 
on the first plate only, but a small percentage have a spine on some 
of the second plates. Thus, one example has either 3 or 4 superomar- 
ginal spines in the interbrachia, while others have 2 or 3, or 2 to 4, 
or very rarely 4 in all the interbrachia. 

Paxillar area compact; paxillae large, the bases oblong, with 
6 short lobes on the papular areas of ray, and irregularly circular 
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with 2 or 8 short lobes on papular area of disk; along median area 
of ray and center of disk they are broadly elliptical to roundish, 
entire, and on central part of disk much smaller and imbricated. 
Papulae are lacking in central area of disk and along median radial 
area of ray. .Crown of larger paxillae at base of ray with 4 to 10 
central, short, clavate, granuliform spinelets and 12 to 15 longer 
round-tipped peripheral ones. 

The superficial superomarginal granules are subcircular, and 
stubby to appressed squamiform, and round tipped, becoming ab- 
ruptly slender laterally. The inferomarginal plates extend slightly 
beyond superomarginals laterally. Inferomarginal armature spini- 
form and not squamiform as in A. zebra. The spines are also more 
numerous in the adult specimens. <A fairly typical marginal plate 
from the middle of the proximal half of ray has a prominent, flat- 
tened, sharp, lateral spine at its upper and outer end, 2.5 plates in 
length. Immediately below it is a semicircle of 3 or 4 sharp, slenderer 
spines about two-thirds its length. Outside this, forming a concen- 
tric semicircle, still at outer end of plate, are 5 or 6 still smaller 
slenderer spinules, and extending transversely along plate a little 
aboral to middle is a straight series of 5 or 6 spinules, subequal, at 
outer end of series, to spinules of the second lateral auxiliary series, 
thence increasing slightly in length toward inner end of plate. The 
general covering of plate consists of spaced slender spinelets, sharp 
when dried, but blunt in alcoholic specimens. 

The adambulacral armature consists of a long, median, curved, 
compressed furrow spine with a considerably shorter and slenderer 
one on either side. The subambulacral spines are in 2 series, the 
inner consisting of 2 tapering round-tipped spines a little longer 
than the lateral furrow spines, and the aboral the longer of the 2; 
behind these is a row of 3 or 4 smaller spinelets, or a group of 3 to 
5. In small specimens only 2 are present. First mouth plate much 
compressed with 2 transverse series of about 10 spines each. 

Actinal interradial areas extremely small. There are 2 fair-sized 
plates back of the mouth plates, and 1 or 2 additional plates to either 
side of these. The spinelets are closely coordinated and form in 
some cases incipient fasciculate or pectinate pedicellariae. 7 

Mouth plates very narrow. Marginal series occupies only the inner 
half of each plate and consists of about 7 spines, cylindrical and 
blunt, increasing in length toward the inner, which is about as long 
as one-third or one-half interradial length of plates. There is a reg- 
ular superficial series of 8 to 10 subequal tapering blunt spines which 
commonly touch over the suture like a gigantic pectinate pedicellaria. 
These spines are about as long as the lateral furrow spines and are 
sometimes a trifle flattened. 

Madreporic body close to margin, partly concealed. 
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Color in alcohol, yellowish with a broad transverse band of faded 
brown at middle of ray. 

Type.—Museum Berlin, No. 1504. 

Type-locality—South China Sea. 

Distribution.—¥ormosa to Ceylon, northwest Australia, and Ad- 
miralty Islands. The Philippine stations are consequently within 
this area. The specimens recorded by me from the Hawaiian Islands 
are not velitaris. (See under Remarks.) 

Specimens examined.—Seventy-five. 


Specimens of Astropecten velitaris examined. 




















. : Nature of Num- 
Station. Locality. Depth. bottom. ber: 
| a — =~ —s 
Fathoms. 

Sandakan’ Bay; Borneo tas. sesee so eee soca ose ose soeeeee Off beach. | Sand, rocks.. 59 

5099 | China Sea, off southernslaizon cent oie, heen a aay 30 Gray ‘mud, sand, 1 
5156 | Tawi Tawi Group, Sulu Archipelago............-..- Bee NS 18 Fine sand, shell) 4 
BIB Naan AG RoR Sear CO Pep Sin eno aE, Seige EE IN iy Zs 18: | SE aTe down sees 1 
los wee ose Ones eee ens SR een et ee sd ee ae AZ Py eea eS Goes. 4 
BIGUa See dose. eee eeeen a ocsaam scone an eae aereses ater 18 Sands s2.5..5- 4 
5182 | Off eastern Paney. oe. ch. wa ee ah EE ese 26 Mud, fine sand) 1 
5480) | Vicinity of Surigao Strait (ortWeast Tacbuc Light, Teyte) | 62 Fine sand..... | 1 








Remarks.—The specimens described above appear to belong to 
the same species as that figured by Déderlein (1896, pl. 18, figs. 82, 
32a) from Amboina. Déderlein’s largest example was only half the 
size of mine. The Philippine specimens are perfectly distinct from 
A, hemprichii, and whatever the relations may be with that species, 
it is certain that velitaris is not merely a young phase, for several of 
the larger specimens examined proved to be sexually mature. Koeh- 
ler (1910a, p. 46) quotes Marenzeller’s opinion that velitaris is a 
young form. 

Koehler (1910a, p. 44) is correct in questioning my Hawaiian rec- 
ord of velitaris. The form described by me and recorded as A. veli- 
taris is distinct and differs from true velitaris in having short tu- 
bercular spines on the distal superomarginals, spaced from the inner 
edge of plate, in addition to the much more conspicuous spine of the 
first superomarginal of each ray. The superomarginals are fewer 
and a little more massive, the paxillae relatively smaller, the infero- 
marginal spines fewer and in a single transverse series, the 2 outer 
to be classified as lateral spines; the spinelets are squamiform, as 
in zebra, and there is commonly but one series of subambulacral 
spines, 8 to a series, the aboral member enlarged. The mouth 
plates are slightly broader than in velitaris and the marginal series 
of spines extends farther toward the outer end of plate. The first 
adambulacral is not so much compressed. 

The Hawaiian species differs from A. hemprichii in having a con- 
spicuous spine on the first marginal plate, and a different inferomar- 
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ginal and adambulacral armature. <A. scoparius lacks the prominent 
interbrachial superomarginal spines, has larger paxillae and more 
numerous inferomarginal spines. In the arrangement of supero- 
marginal spines the species is nearest pugnaw Koehler and mauri- 
tianus Gray. From the latter it differs in several minor details, such 
as the adambulacral armature, with its enlarged subambulacral spine, 
the smaller paxillae, the regular transverse series of inferomarginal 
spines. Pugnaxv has large, crowded paxillae, an inferomarginal 
armature identical with scoparius, and a slightly different adambu- 
Jacral armature. 

Déderlein recently named the Hawaiian form which he placed in 
his revision of Astropecten in the “vappa group,” along with 
A. vappa, triseriatus koehlert, bengalensis, mauritianus, orsinii, and 
acanthifer. 

Astropecten hawaiiensis Déderlein, 1917, p. 51 (=Astropecten 
velitaris Fisher, 1906, p. 1005, pl. 1, fig. 2; pl. 2, figs. 2, 2a) may be 
diagnosed as follows: Similar in general appearance to a small 
A. mauritianus, but differing in having smaller paxillae, 2 lateral and 
2 or 3 actinal inferomarginal spines, forming a single series near or on 
distal margin of plate, and in having 1 series of 3 (or less often 2) 
subambulacral spines, the distal conspicuously enlarged. Differing 
from A. koehleri in the characteristic arrangement of superomarginal 


tubercles and in the inferomarginal armature as well as in having 
smaller paxillae; perhaps more closely related to the latter. 7'ype- 


locality — Albatross station 4055, Hilo Bay, Hawaii, 50 fathoms, fine 


gray sand. 
ASTROPECTEN GRANULATUS Miiller and Troschel. 


Astropecten granulatus MULiter and TroscHet, 1842, p. 75.—StrapeEen, 1889, 
p. 215, pl. 35, figs. 3 and 4; pl. 39, figs. 4-6.—D6pDERLEIN, 1896, p. 305, pl. 
18; figs. 30,300; 1917; \p: 148, plod, fig. 7} pl. 14, figs:1, 3; 8a; -pl..17, 
figs. 2, 2b, 3.— KorHLER, 1910a, p. 40; 19100, p. 266. 

One immature specimen from station 5382, Ragay Gulf, Luzon, 
128 fathoms, mud. 

This example has R=15 mm., r=5 mm. It agrees more closely 
with the figure of Sladen than with that of Déderlein (1896). The 
spinelets of the paxillae and superomarginal plates are slenderer and 
less granuliform than in Sladen’s specimen, and the subambulacral] 
spinelets are not so stumpy and broad. These are in a single series of 
3, subequal or the middle slightly enlarged. The proportions 
of the superomarginal and inferomarginal plates and shape of rays 
conform to Sladen’s figures. The more delicate spinulation may in 
some way be correlated with the unusually great depth at which the 
Albatross specimen was dredged. 

The Challenger specimen was taken in the Arafura Sea at 28 
fathoms, green mud. Koehler’s example was taken at the Aru Is- 
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lands in 8 to 10 meters, and Déderlein’s at Thursday Island. The 
type-locality is not known. 


ASTROPECTEN MONACANTHUS Sladen. 


Astropecten monacanthus SLADEN, 1889, p. 216, pl. 33, figs. 7 and 8; pl. 37, 
figs. 10-12.— KorHteER, 1910a, p. 37, pl. 3, figs. 9-11; pl. 5, fig. 11—Dd6prEr- 
LEIN, 1917, p. 150, pl. 14, figs. 5-50; pl. 17, fig. 9. 

Eight specimens from the following localities: 

Station 5181, off eastern Panay, 26 fathoms, mud, fine sand; 2 
specimens. 

Station 5182, off eastern Panay, 24 fathoms, mud, fine sand; 1 
specimen. 

Station 5480, vicinity of Surigao Strait, 62 fathoms, fine sand; 2 
specimens. 

Station 5481, vicinity of Surigao Strait, 61 fathoms, sand, shells, 
gravel; 2 specimens. 

Mantaquin Bay, Palawan, 4 feet, sand, 1 specimen. 

Type-locality—Kast of Panay, Philippine Islands, 20 fathoms, 
mud (Challenger expedition). 

Distribution.—Philippine Islands, Andaman Islands, east coast of 
India, Red Sea. 

Remarks.—The largest specimen measures R=37 mm., r=10 mm.; 
the smallest, R=15 mm., r=5 mm. The 3 examples from stations 
5181 and 5182, east of Panay, are practically from the type-locality. 
These conform to the figures and description given by Koehler of 
large specimens, and there seems to be no doubt that his examples are 
true monacanthus. Sladen’s type is a rather small specimen. 

The largest specimen, from station 5181, has a small tubercle on 
one of the first inferomarginal plates. The color is a light dull 
brown, with the center of disk and a narrow radial stripe reddish 
brown. 

Astropecten monacanthus is readily recognized by its fairly large 
paxillae, unarmed granulate supermarginals (the granules flattened 
and sometimes squamiform), the close mail of rounded imbricating 
inferomarginal squamules, the single flattened to subterete lateral 
spine, with a small companion just below it, and the highly charac- 
teristic adambulacral armature. The latter consists of 3 flattened 
furrow spines truncate or round tipped, the median with edge to 
furrow. These are succeeded by 2 narrow flattened subambulacral 
spines, so placed as to appear to form an are of 5 with the furrow 
spines. They are shorter than the lateral furrow spines, usually 
tapering and bluntly pointed. Commonly only the aboral one is 
present. Back of these are 2 very broadly spatulate round-tipped 
or truncate spines, about as long as the lateral marginal spines, the 
aboral slightly the larger. Sometimes the aboral member of the 
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first actinal series moves back a little, broadens, and stands in line 
with the 2 spatulate spines, making a series of 3; or, as mentioned 
above, it may stand out of line. It then forms a curved series with 
the 2 spatulate spines. 

The first 2 inferomarginals may have several squamules en- 
larged, and forming a transverse series of 2 or 3 accessory flat leaflike 
spinules in line with the accessory marginal spinule. 


ASTROPECTEN EUCNEMIS, new species. 


Plate 10, fig. 1; plate 14, figs. 3, 3a-d. 


Diagnosis—Rays 5. R=63 mm., r=9 mm., R=7r (R:r, variable; 
see variations) ; breadth of ray at base (second superomarginal) 9.5 
mm. A species with long, slender rays, usually unarmed superomar- 
ginals and large paxillae, resembling A. granulatus, from which, 
however, it differs in having longer, narrower rays, more delicate 
paxillar spinelets, a different inferomarginal armature, more numer- 
ous and longer subambulacral spines, and narrower mouth plates, 
with more numerous and more delicate oral spines. 

Description.—Rays long and narrow, very gradually tapering; 
disk small, with a slight prominence in center; interbrachial angles 
abrupt; sides of ray rather high in proportion to width, especially 
at base. Paxillar area plane, except in center of disk; paxillae large 
and crowded, arranged in not very regular transverse bands on ray, 
4 of the series corresponding to the second and third superomar- 
ginals. Pedicels cylindrical and slender, the crown very flaring and 
floriform, consisting, on the larger paxillae of disk, of a peripheral 
series of 10 to 16 terete, rather slender, round-tipped spinelets, en- 
circling a central divaricate group of 5 to 12 similar but slightly 
shorter ones. On the outer third of ray the paxillae have about 
5 to 8 peripheral and usually only one central spinelet. 

Superomarginals (48 in number) without special spines, except 
sometimes a small tubercle on the first plate. They are wider than 
long, and form a rounded dorsal margin to ray. On the proximal 
half of ray the plates form more than half of the perpendicular 
lateral face of ray and decrease gradually in height, at the same 
time encroaching more and more upon the paxillar area, as the 
tip of ray is approached. There is some variation in the propor- 
tions of the superomarginal plates, but they are usually higher in 
the larger specimens. The fascioles are rather wide and abrupt 
between the plates ard have a slightly oblique trend instead of being 
exactly transverse. Exposed surface of plates covered with close- 
set, broadly lanceolate appressed granuliform spinelets with rounded 
or bluntly pointe’ tips directed upward or distally. 
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Inferomarginals not extending laterally beyond superomarginals. 
Lateral spines 2, tapering and sharp, situated at outer end of 
plate, the upper the longer and equal to a little over 2 plates in 
length. Sometimes a third very much smaller spine is added at the 
inner end of series but is not constant. Spaced from the lateral 
spines, near inner end of plate and aboral margin is a smaller, 
sharp, flattened appressed spine a little longer than its plate; at the 
base of ray there are usually 1 to 8 additional similar spines 
forming a series continuous with the lateral spines. If the number 
of lateral spines is represented by Roman numerals and the acces- 
sory actinal marginals by Arabic, the spine formula for the first 
inferomarginal of type is O+4 or 5 or I+4 or 5; for the second, 
II+3 or 4; for the third I1-+2, 3, or 4; for the fourth, II-+-2, 3, or 4: 
from here it is II-+2 usually or in those specimens in which the 
third small lateral is not developed, I1-+1. The inner actinal spinule 
usually disappears on the outer third of ray, while the accessory or 
third lateral persists, if it happens to be present at the base of 
ray. The spine formula for the outer third of ray is commonly 
IJ+1, or II-+0. The general surface of plates is armed with spaced 
lanceolate sharp, or exceptionally, blunt flattened spinelets directed 
outward, 2 to 4 being enlarged and forming a series adorally to 
the lateral spines. These sharp spinules were not reckoned in the 
above formulas, as they stand entirely out of line of the transverse 
series. 

Terminal plate rather small, about as wide as long with a notch 
at both distal and proximal ends, between which runs a shallow 
sulcus, 

Adambulacral armature: (1) A furrow series of 3, the middle the 
longest, curved, compressed but slender, with sharp edge toward fur- 
row, the laterals a little shorter only slightly flattened, slenderer, 
tapering, and pointed. (2) On the actinal surface, a longitudinal 
series of 3, the median about as long as the middle furrow spine, flat- 
tened and sharply or bluntly pointed, the laterals much slenderer, 
and about two-thirds as long as the median. Sometimes only 2 
stand in this series. Back of these, 3 or 4 much shorter and slenderer 
spinules form a series'or group. A large specimen (locality uncer- 
tain) has all the subambulacrals flattened and round tipned, the en- 
larged spine being spatulate. The first adambulacral is much com- 
pressed and bears 2 transverse contiguous rows of numerous slender 
spinules, and has no enlarged subambulacral, but the second plate, 
although compressed somewhat, bears an enlarged spine. 

Mouth plates narrow and small, each traversed by 2 parallel series 
of spines; the marginal with about 15, small slender spines or spin- 
ules, similar to those of the first adambulacral, the inner 2, abruptly 
enlarged, flattened, and round tipped. The superficial spinules are 
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slightly longer and stouter and the inner spine of each series is some- 
_ times enlarged (as in type) forming 2 tiers of teeth (3 to a plate) at 
the inner angle. 

Actinal intermediate plates 2 to 4, typically with a group of spine- 
lets, the central ones sometimes codrdinated to form a pedicellarian 
apparatus. 

Madreporic body oval, medium sized, obscured by paxillae, some of 
which arise from its surface. It is situated less than its own dia- 
meter from marginal plates. 

Color in alcohol, sepia. 

Variations and young—A well-marked variety probably from 
station 5134, 25 fathoms, perhaps deserve a name. It differs from 
the typical form in having coarser, more squamiform and blunter 
inferomarginal spinelets, 2 marginal spines, without a third smaller 
one directly below and frequently only 1 spine on the actinal sur- 
face of plate. As a result the inferomarginals appear less spiny. 
The first superomarginals have a small tubercular or clavate spine at 
the upper end, and the second and third plates show an incipient one. 
The rays are very long, but all are incomplete. The proportions 
would probably be: R=about 8 r. 

Twenty-nine small specimens ranging in size from R=9.5 mm. to 
R=19 mm., all from station 5182, seem to be a small variety of this 
species, although at first they appear to be quite distinct. Coming 
from shallow water they resemble more closely the aberrant example 
from station 5134, but have much shorter rays. These small exam- 
ples recall both Astropecten zebra and A. granulatus, but the distin- 
guishing marks are given below. 

The largest specimens have R=19mm.,r=5mm., R=3.8r; breadth 
of ray at base, 5 to6 mm.; rays tapering evenly to pointed extremity ; 
superomarginals about 20 to 24, forming a rounded bevel to margin, 
and not encroaching upon paxillar area farther than in adult. Six- 
teen specimens, ranging in size from R=9.5 mm. to R=19 mm. have 
no sign of special superomarginal spines; 6 specimens varying from 
R, 17 to 19 mm., have a small tubercle on some but not all of the first 
superomarginal plates; 1 or 2 have tubercles on the second plates in 
1 interbrachium; 7 examples of the same size have 2, 3, or 4 (more 
often only 2) short tubercular superomarginal spines in each inte- 
bracbium. The specimens with R over 17 mm. have gonads fairly 
well developed. The inferomarginal armature consists of 1 marginal 
spine and a shorter companion, and a few specimens show the rudi- 
ments of the actinal spines. The armature is similar to Sladen’s 
figure of A. granulatus but the spinelets are slightly less squamiform. 
Ten out of the 13 specimens with superomarginal spines have 2 pecti- 
nate actinal intermediate pedicellariae, just back of the mouth plates. 
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Of the 16 lacking superomarginal spines, only the 2 largest (R=19 
mm.) have the pedicellariae; the other 14 (with R less than 14 mm.) 
either lack the pedicellariae, or have them in a very incipient stage. 
The outer row of subambulacral spinelets is lacking in these small 
specimens, otherwise the armature is very similar to that of the large 
examples. The paxillae have 1 or 2 central and 8 to 12 peripheral 
spinelets, relatively shorter and stouter than in the adult. The ter- 
minal plate has 4 terminal conical spinelets. 

These small specimens differ from Astropecten granulatus in hav- 
ing narrower superomarginals, which form a narrower border to 
paxillar area, and distally narrower rays which taper evenly to a 
point (not swollen); in having often small interbrachial supero- 
marginal spines and large pectinate actinal interradial pedicellariae, 
very much smaller mouth plates and a much slenderer terminal plate. 
The inferomarginal armature is similar but the spinelets of granu- 
latus as figured by Sladen are a little more squamiform. 

The specimens with superomarginal spines might be taken for 
A. zebra, but they have narrower superomarginals, smaller paxillae, 
fewer inferomarginal spines and less squamiform spinelets, smaller 
mouth plates and a slightly different adambulacral armature. 
Very young monacanthus has the curious chaffy inferomarginal 
spinelets of the adult, only one marginal spine, and the very char- 
acteristic broad spatulate subambulacral spines. It lacks, of course, 
the superomarginal spines. 

It remains to add that one of the most striking features of this 
species is the rapid increase in the length of ray relative to disk as 
the animal grows. The smallest of the deep-water typical specimens 
measures: R, 42 mm., r 7.5 mm., R=5.6 r; the next size has R, 52 
mm.; r, 8 mm.; R=6.5 r. In the type R=7 r and in the large 
shallow-water variety R=about 8 r. 

Type.—Cat. No. 37005, U.S.N.M. 

Ty pe-locality.—Station 5393, between Samar and Masbate Islands, 
Philippine Islands, 136 fathoms, hard sand. 

Distribution—From Masbate Island, Philippine Islands, to Sulu 
Archipelago, the last locality somewhat doubtful. Typical form in 
108 to 136 fathoms, sand; varieties in shallow water. 

Specimens examined.—Typical, 4; from the type-locality, 3, and 
1 from station 5212, between Masbate and Talajit Islands, Philip- 
pine Islands, 108 fathoms, gray sand, mud. 

Twenty-nine small specimens from station 5182, off eastern Panay, 
24 fathoms, fine sand and mud. At this station were taken also 
A. velitaris and A. monacanthus. 

One large specimen, not typical, from station 5184, Sulu Archi- 
pelago, near Basilan Island, 25 fathoms, fine sand; this locality is 
marked doubtful. 
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Remarks.—This species resembles most nearly Astropecten granu- 
latus as redescribed by Sladen. The fully grown typical specimens 
differ from granulatus in having much longer, narrower rays, a 
different inferomarginal armature and smaller mouth plates. The 
differences between the small specimens and granulatus have been 
detailed under “ Variations.” 

Astropecten notograptus Sladen from the Mergui Archipelago 
bears some resemblance to the young of this species. Sladen’s type 
measures R, 16.5 mm.;r,6 mm. It differs, however, in having much 
larger paxillae, with short granuliform armature, and broader su- 
peromarginals (which, like some of the young eucnemis, have a 
tubercle on the first member); in having the marginal plates and 
adambulacral armature very closely resembling that of young Astro- 
pecten monacanthus, even to the characteristic spatulate subambula- 
cral spines. The inferomarginal spinelets are, therefore, very 
squamiform. In fact, notograptus is extremely close to monacanthus. 

This species falls in the monocanthus group of Déderlein, who 
subdivides the section on the presence of inferomarginal spines on 
the aboral edge of the plate (granulatus, orientalis) ; or on the ab- 
sence of such spines (or “mit undeutlichen Stachelen—die ersten 2 
Platten kénnen kurze Stacheln tragen”). The second subsection 
includes monacanthus, notograptus, granulatus, indicus, bonnieri, 
sarasinorum new, malayanus new, umbrinus, pusillus. A. eucnemis, 
with its long rays and inferomarginal spines, is quite distinct from 
either orientalis (having broad, heavy superomarginal plates) or 
granulatus. 

ASTROPECTEN EREMICUS Fisher. 
Plate 13, fig. 2; plate 15, figs. 3, 3a-e. 
Astropecten eremicus F1sHER, 1913a, p. 605.—D6prERLEIN, 1917, pp. 50, 175. 


Diagnosis —Disk small, rays flexible and fairly long; relation of 
R to r variable, in type, R=51 mm., r=9 mm., R=5.66 r; breadth 
of ray at base, 11 mm. Paxillae small, not crowded, and with few 
spinelets; abactinal spiniform pedicellariae; superomarginals un- 
armed, wholly abactinal; inferomarginals extending laterally beyond 
superomarginals; lateral spines 2, the upper the longer, and equal- 
ing about 2.5 plates in length, and in addition an actinal marginal 
spine near the adambulacral plates (on proximal half of ray) ; 
adambulacral plates with 4 or 5 slender furrow spines, and 5 or € 
similar subambulacral spines in 2 longitudinal series; sometimes a 
prominent subambulacral pedicellaria with 4 to 6 spiniform jaws is 
present. 

Description.—Paxillar area narrow on ray. Paxillae small and 
spaced, with slender, relatively high pedicels bearing a few cylin- 
drical delicate blunt membrane invested spinelets, slightly shorter 
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to slightly longer than pedicel, the whole about 1 mm, high. Each 
paxilla has a broadly elliptical base and 5 to 8 spinelets, of which one 
usually occupies the center, except on the distal half of the ray, where 
the paxillae are smaller, and have 4 or 5 spinelets, or at tip as few 
as 2. There is usually, but not always, a slight prominence at center 
of disk. The papulae extend about half the length of ray. Scat- 
tered over abactinal surface are fairly numerous pedicellariae borne 
on special plates, and with usually 4 spiniform jaws nearly as thick 
as the pedicel of a paxilla. 

Superomarginals (36 to 38) dorsal in position (the upper ends of 
the inferomarginals forming the margin to ray) and forming a con- 
spicuous, slightly rounded border to the paxillar area. The plates 
are proximally wider than long but on outer portion become slightly 
longer than wide. They bear no special spines but are covered with 
slightly spaced lanceolate pulpy spinelets very sharp on central por- 
tion of plate (where they are directed toward end of ray), but blunt 
on the edge. Here they close over the deep fasciolar grooves, lined 
with capillary spinelets. As in the case of the paxillae, the calcareous 
spinelet is really very delicate and the various proportions and shapes 
of the superomarginal papillae are due to the membranous invest- 
ment. 

Terminal plate fairly large, notched at tip and with deeply con- 
cave margin toward paxillar area. The surface is covered with 
minute spinelets, and in addition 8 needlelike spines, 4 on either 
side at the tip, the 2 central ones of each series being the longest, and 
usually a little longer than the plate, as seen from side. 

Inferomarginals extending laterally beyond superomarginals about 
half the width of the latter and forming a beveled border to actinal 
surface. The width of the plates equals about the length of 2, in- 
cluding the fasciolar groove. General surface covered with large 
spaced pulpy lanceolote spinelets which abactinally become much 
smaller and grade into the superomarginal spinelets. These spinelets 
are directed outward and aborally, and are usually sharp, except at 
inner end of plate. Lateral spines, usually 2, the outer and upper (on 
the upper end of plate) the longer (equaling 2.5 plates in length) 
tapering, flattened, and very sharp. The second, about two-thirds to 
three-fourths the length of the first, is spaced from it slightly, and 
is much slenderer and more nearly cylindrical, although flattened 
obviously at the base. Rarely a smaller spine makes a third in this 
series. Rather nearer the inner edge of plate than base of second 
lateral spine, is a much shorter and more delicate spine, which is 
well-developed only on the proximal half of the ray. It is analogous 
to the inner inferomarginal spine of A. phragmorus. 

Ambulacral furrow wide; tube feet large, with sharp point. 
Adambulacral plates with wide sutures and strongly convex furrow 
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margin, which bears (instead of the usual number of 3) 4 or 5 long, 
slender, tapering, pointed, membrane-invested spines, that on the 
apex of the angle the longest and a trifle flattened. The subambu- 
lacral spines are slightly shorter, and although the calcareous por- 
tion is slender and needlelike, the light brown pulpy, translucent 
investment is swollen (as in all the other actinal spinelets), so that 
the spinelets appear to be stout clavate, and pointed. There are 
usually about 5 (as many as 7) in 2 longitudinal series, or less often 
irregularly placed. A variable number of plates (for instance 5 to 
7 on either side of a furrow) bear a conspicuous conical pedicellaria 
ith 4 to 6 lanceolate spiniform jaws, very much stouter, but shorter, 
than the subambulacral spines, which the pedicellaria partly or 
wholly replaces on its particular plate. These pedicellariae are simi- 
lar to those on the paxillar area. The first adambulacral is con- 
siderably compressed and often bears a pedicellaria. 

Actinal intermediate plates very few (about 6) their 5 or 6 spine- 
lets coordinated to form a pedicellarian apparatus similar to those of 
_ the adambulacral plates. Occasionally the spinelets are not quite so 
specialized, as if in a transition stage from a low paxilla to a 
pedicellaria. 

The combined mouth plates narrow, but 4 enlarged teeth at 
inner angle (the 2 median the longer), and 3 or 4 spines of 
about the same size at the outer angle of each plate. Between the 
two groups, the plates are covered with smaller spinelets, the super- 
ficial the largest, those toward edge decreasing in size. On either 
side of the median suture on some plates these spinelets are arranged 
in a fairly regular series, with about 2 additional irregular series 
toward the margin. The true marginal spinelets are small, save for 
the teeth, and form an angular series, with the angle at the inner end 
of the plate near the teeth. The armature of the mouth plates is 
rather confused and irregular. The enlarged outer superficial spines 
are characteristic. 

Madreporic body small and partly or wholly hidden by paxillae. 
It is situated close to the superomarginal plates, ‘sometimes nearly 
touching them, sometimes its own diameter distant. The striae are 
few, coarse, and are nearly parallel with interradial line. 

The general color is a light brown, darkest on the actinal surface, 
or a washed-out yellow ochre. In the darker specimens the color is 
lodged in the epidermis investing the spinelets. 

L'ype.—Cat. No. 80511, U.S.N.M. : 

Type-locality—Station 5491, Surigao Sea, between Leyte and 
Mindanao, 736 fathoms, green mud and coral. 

Listribution—Off southern Luzon to Surigao Sea, between Leyte 
and Mindanao, 580 to 736 fathoms. 
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Specimens examined.—Ten from the following Philippine locali- 
ties : 

Station 5219, between Marinduque and Luzon, 530 fathoms, green 
mud; 2 specimens. 

Station 5491, Surigao Sea, between Leyte and Mindanao, 736 
fathoms, green mud, coral; 1 specimen. 

Station 5492, Surigao Sea, between Leyte and Mindanao, 735 
fathoms, gray mud; 3 specimens. 

Station 5494, Surigao Sea, between Leyte and Mindanao, 678 
fathoms, green mud, sand; 4 specimens. 

Remarks.—Astropecten eremicus resembles in general appearance 
A. luzonicus and A. tenellus, from which it differs in the entire ab- 
sence of superomarginal spines, in regularly having 4 or 5 fur- 
row spines, as well as in several special features detailed under 
each of the above species. The absence of superomarginal spines and 
the presence of abactinal, actinal intermediate, and subambulacral 
pedicellariae will suffice to distinguish eremicus from A. griegi 
Koehler, also a deep-water species with slender rays. There is a 
great resemblance between eremicus and A. pusillulus Fisher from 
the Hawaiian group. Both have slender rays, and the same type of 
slender spinelets with a brownish pulpy investment. Puszllulus has 
but 3 furrow spines, the median stouter and wider than in eremi- 
cus, being much flattened; paxillae with lower pedicel and shorter 
spinelets; no actinal inferomarginal spine in addition to the two lat- 
eral spines (except sometimes on the first 2 or 3 plates); shorter 
rays and relatively larger disk. Pustllulus lacks abactinal pedi- 
cellariae, but has adambulacral and actinal intermediate ones 
similar to those of eremicus. I think the two species are closely re- 
lated. (See Fisher 1906, p. 1008, pl. 1, fig. 3, pl. 2, fig. 4, 4a-0.) 


ASTROPECTEN LUZONICUS Fisher. 
Plate 12, fig. 2; plate 13, fig. 3; plate 14, figs. 4, 4a—b. 
Astropecten luzonicus F1isHER, 1913a, p. 606.—D6pERLEIN, 1917, pp. 50, 175. 


Diagnosis—Similar to A. eremicus, but with longer, narrower 
rays; a small tubercular spine on the first few superomarginal 
plates; only 3 furrow spines beyond the first 5 or 6 plates; armature 
of each mouth plate in 2 regular longitudinal series. Disk very 
small, rays long, slender, and very flexible; paxillar area narrow; 
paxillae small, delicate; lateral spines 2 or 3; furrow spines 3; 
subambulacrals 2 to 4, none enlarged. 

Type, R=68 mm., r=9 mm., R=7.55 r; breadth of ray at base, 9 to 
10 mm. 

Description.—Paxillae small and spaced, very similar to those of 
Astropecten eremicus, having a slender pedicel, capped by 5 to 
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8 slender, blunt membrane-invested spinelets, as long as or slightly 
longer than the pedicel, which springs from a broadly elliptical 
base—one conspicuously larger than the caliber of the pedicel. 
Paxillae fairly uniform in size except on low eminence in center of 
disk, and far along ray, where they are smaller and lower, those on 
the outer third of ray having 5 to 2 spinelets. Papulae absent 
from center of disk and median area of ray. They extend along 
either side of the ray in a narrow band as far as the middle. The 
paxillar area is narrow, beyond the middle occupying but a little 
over the median third of the entire width of ray. Pedicellariae, 
similar to those of eremicus, but smaller, are present among the paxil- 
lae, but are very few and inconspicuous. 

Superomarginal plates, about 55 to each side of the ray, similar 
to those of A. eremicus in form and position, but the central spine- 
lets are not sharp and squamiform as in eremicus; rather, they are 
blunt and clavate, or cylindrical. 

The first 5 to 10 plates bear, at the upper end of the plate, slightly 
spaced from the inner edge, a small upright conical, sharp, tubercular 
spine. This rapidly decreases in size and merges into the spinelets, 
and may be lacking on the first superomarginal. 

Terminal plate similar to that of A. eremicus, with 2 to 4 slender 
spines on either side of the tip. 

Inferomarginal plates similar to those of A. eremicus, forming 
the margin of ray and covered with coarse, spaced, sharp pulpy 
spinelets. Lateral spines, 3 proximally and 2 distally, the upper, the 
longer and stouter, being sharp, flattened and narrowly lanceolate. 
The others are narrower and shorter, the lowest (when there are 3) 
being the smallest. In some specimens only the first few plates have 
8 lateral spines, the rest having 2; and one large specimen (station 
5363) has only 2 throughout. The small spine near the inner end of 
the plates of A. eremicus is lacking except rarely on the first 2 or 3 
plates. Six or 8 plates, scattered throughout each side of the ray of 
type, bear a large spiniform pedicellaria with 4 to 6 jaws near the 
inner end. This is either absent or of very rare occurrence in the 
other specimens. 

Adambulacral plates with 3 furrow spines (except on first 5 to 
7 plates where there are 4), the middle spine conspicuously the larger, 
blunt, flattened, and saberlike, the laterals slenderer, subterete, and 
pointed. The actinal surface of the plate, which is not extensive, 
bears 2 to 4 shorter, sharp spinelets in 1 or 2 series; none of them are 
especially enlarged, so that they are subequal, or one on outer part of 
plate may be much smaller. 

Owing to the pulpy investment the caliber of the subambulacrals 
is variable—sometimes slender, sometimes stout. No subambulacral 
pedicellariae. 
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Actinal intermediate plates 5 or 6, each with a spiniform pedicel- 
laria with 4 to 6 jaws. 

Mouth plates similar to those of A. eremicus but the spines in two 
definite, regular longitudinal series to each plate, not irregular. 
Marginal series angular with 7 or 8 spines, slightly shorter than the 
lateral furrow spines, the 2 inner abruptly enlarged to form stout, 
blunt teeth; the series is continued adjacent to first adambulacral in 
about 5 little spinelets. The superficial series contains 7 or 8 much 
thicker, bluntly pointed, lanceolate spines (in line with the inner 
tooth) the outer 1 or 2 slightly enlarged. 

Madreporic body near to but not touching superomarginals. It 
is small, partly obscured, and crossed by few, coarse striae radiating 
from the middle of the adcentral side. 

Color in alcohol, bleached yellowish or brownish. 

Variations.—The chief variations in armature have already been 
indicated. It remains only to point out that the smaller specimens 
have relatively shorter rays, although still slender. A specimen from 
station 5112 measures as follows: R=35 mm., r=6 mm., R=5.8 r; 
breadth of ray at base, 6 mm. 

Type.—Cat. No. 30512, U.S.N.M. 

Type-locality.—Station 5112, Balayan Bay, southern Luzon, 177 
fathoms, dark green mud, bottom temperature 52.4° F. 

Distribution.—Off southern Luzon, Philippine Islands. 

Specimens examined.—Seven from the following stations: 

Station 5111, Balayan Bay, southern Luzon, 236 fathoms, green 
mud; 1 specimen. 

Station 5112, same locality, 117 fathoms, dark green mud; 4 
specimens. 

Station 5363, same locality, 180 fathoms; 1 specimen. 

Station 5365, same locality, 214 fathoms; 1 specimen. 

Remarks.—This species, while resembling Astropecten eremicus, 
differs in having longer and slenderer rays, small tubercular spines 
on the first few superomarginal plates, only three furrow spines, no 
adambulacral pedicellariae, mouth plates with two regular length- 
wise series of spines, no small spine near the inner end of the infero- 
marginal plates, very few abactinal pedicellariae, terete, or clavate 
spinelets on the surface of the superomarginal plates. The mouth 
spines are not irregular, but arranged in two regular longitudinal 


series on each plate. 
ASTROPECTEN TENELLUS Fisher. 


Plate 11, figs. 1, 2; plate 15, figs. 1, 1a—b. 
Astropecten tenellus FisHEr, 1918a, p. 606.—D6pERLEIN, 1917, pp. 50, 176. 


Diagnosis—Very similar to Astropecten griegi Koehler, from 
which it differs in having a few abactinal pedicellariae among the 
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paxillae; in lacking a special spine on the distal superomarginals; in 
having very sharp, flattened inferomarginal spinelets, and proximally 
several spinules along the aboral edge of the inferomarginal plates 
ventral to the lateral spines; in having the median furrow spine con- 
spicuously flattened, not cylindrical; in having proximally adam- 
bulacral pedicellariae. Disk small, rays long and slender. R108 
mm., r=10 mm., R=10.8 r; breadth of ray at base,11mm. A smaller 
specimen, however, measures as follows: R=48 mm., r=6 mm., 
R=8 5 

Description —Paxillar area very narrow on rays, as is griegi. 
Paxillae fairly compact, with a rather stout pedicel surmounted by 
a tuft of delicate, cylindrical, blunt spinelets slightly longer to 
slightly shorter than the pedicel. Commonly there is a central 
spinelet surrounded by 8 to 12 on the periphery of pedicel; far 
along the ray the paxillae become lower, and the spinelets are fewer. 
There are a few pedicellariae with about 4 upright spiniform jaws, 
shorter than the paxillae, scattered over disk and proximal portion 
of ray. 

Superomarginals forming a conspicuous arched bevel to abactinal 
area, dorsal in position, proximally wider than long, distally longer 
than wide, covered with small, spaced, bluntly pointed spinelets 
usually a little larger, more squamiform, and appressed on center 
of plate. In griegi these spinelets are extremely short in the median 
region, becoming longer toward the transverse margins; in tenedlus 
they are the reverse. The plates bear a tapering, slightly flattened, 
sharp spine about as long as the plate on the upper (or inner) end 
and aboral margin. Rarely there are 2 spines. This spine is lacking 
from the terminal fourth or fifth of the ray. In griegi the spine 
seems to continue to the end of the ray. 

Inferomarginals covered with coarse, lanceolate, mucronate, squami- 
form appressed spinelets, or in small specimens with slenderer, more 
terete, and pointed ones. They bear 3 or 4 conspicuous, slender, 
flattened, sharp, lateral spines placed as in grieg? at the upper end 
of plate along the aboral edge; and continuing this series to the inner 
end of plate are, on the proximal plates, 3 to 5 shorter, slenderer, 
spinules evidently enlarged from the spinelets covering the plate. 
Distally these spinules are scarcely more than slightly enlarged 
spinelets, and are few in number and of irregular occurrence. 

Adambulacral plates well spaced and rather short. Furrow spines 
3, rather long, the median slightly the longest, flattened, saber-shaped 
and pointed, the other two more cylindrical, slenderer, tapering, and 
pointed. Subambulacral spines: Back of the furrow series, a 
slightly oblique longitudinal series of 3, the aboral the largest, and 
usually longer than the median furrow spine; the others are decreas- 
ingly shorter. Back of these there are 3 to 5 shorter, slender spinules 
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either in a series or irregularly placed, which grade the spinulation 
of the adambulacrals into that of the inferomarginals. Sometimes 
the enlarged subambulacral stands on the furrow margin, appearing 
to form one of the furrow series. A few proximal plates may have 
4 furrow spines (not counting a subambulacral out of position). In 
a specimen from station 5518 the first and second plates bear a con- 
spicuous conical subambulacral pedicellaria composed of about 6 
spines. The type has 1 or 2 and a cotype has several, so that it 
seems to be a constant character. 

The actinal intermediate plates are few and bear a tuft of spine- 
lets about as long as the outer subambulacrals or a conical spiniform 
pedicellaria. Pedicellariae are not mentioned in the description of 
griegi. 

The armature of the mouth plates (which are of the type of 
eremicus and luzonicus) consists of a marginal series of 7 or 8, in- 
creasing in length toward the inner end of the plate—the combined 
plates having either 4 or 6 enlarged, blunt teeth. The superficial 
spines are not in regular series, are numerous, and coarse. They cor- 
respond to about 2 series. 

Madreporic body less than its own diameter distant from supero- 
marginal plates and nearly obscured by paxillae. 

Type.—Cat. No. 80518, U.S.N.M. 

Type-locality Station 5453, Albay Gulf, east coast of southern 
Luzon, 146 fathoms. 

Distribution—Southern Luzon to Mindanao Sea, Philippine Is- 
lands, 146 to 200 fathoms. 

Specimens examined—FKight; 4 from the type-locality; 2 from 
station 5518, Mindanao Sea, off Point Tagolo, Mindanao, 200 fathoms. 
gray mud, globigerina, bottom temperature, 54° F.; and 2 from 
station 5268, Batangas Bay, Luzon, 170 fathoms, sand and shells. 

Remarks.—The differences between this species and A. griegi (Bay 
of Bengal, Indian Ocean, 130 to 464 fathoms) have been mentioned 
in the diagnosis and description. It differs from A. eremicus in 
having much longer, slenderer rays, superomarginal spines, only 3 
furrow spines, and an enlarged subambulacral spine; and from 
luzonicus in having the superomarginal spines extending far along 
ray, not confined to the base; in having larger paxillae, fewer sub- 
ambulacral spines, of which 1 is enlarged, no inferomarginal pedi- 
cellariae, a few proximal subambulacral pedicellariae, and a row of 
accessory inferomarginal spinules, below the lateral spines. The 
superficial mouth spines are more numerous, and not in a single, 
regular series, as in luzonicus. 

Astropecten imbellis Sladen from 100 fathoms off Tablas Island, 
Philippine group, is a young form: Of the 4 species eremicus, luzon- 
icus, tenellus, and pedicellaris I think it can be confused only with 
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tenellus, which it resembles in having the superomarginal spines 
extending as far as the middle of ray. This would cut out eremicus, 
which entirely lacks superomarginal spines, and Jwzonicus, in which 
the spines occur only at the base of ray. If, however, a small speci- 
men of duzonicus (R=30 mm., r=6 mm., R=5 r) only slightly 
larger than Sladen’s type is compared with his figures and descrip- 
tion the following additional differences are evident. In luzonicus 
the rays are much slenderer, the paxillar area narrower, and such 
superomarginal spines as are present, shorter. There are 2, not 3 or 4, 
lateral spines, the superficial mouth spines are conspicuously stouter 
than the lateral marginals and in a single series. The median furrow 
spine is strongly compressed and longer than the laterals. 

There is a specimen of tenellus with R= 22 mm., r=4.5 mm., 
R=slightly less than 5 r. (In ¢mbellis R=24 mm., r=7 mm., 
R=3.43 r.) The rays of tenellus are longer and slenderer than 
those of émbellis, even though the specimen is smaller, the paxillar 
area is relatively narrower, one of the subambulacral spines is con- 
spicuously enlarged and all are longer than in imbellis, interradial 
pedicellariae are present, and the inferomarginal spinelets are spaced, 
sparser, sharp, and closely appressed. The aboral line of accessory 
spinules characteristic of the adult has begun to develop. 

The numerous pedicellariae of pedicellaris, as well as its propor- 
tions and adambulacral armature will serve to distinguish it from 
imbellis. 

ASTROPECTEN PEDICELLARIS Fisher. 


Plate 12, fig. 1; plate 13, fig. 4; plate 15, figs. 2, 2a-e. 
Astropecten pedicellaris F1IsHER, 1913a, p. 607.—DODERLEIN, 1917, pp. 50, 176. 


Diagnosis —Similar in general appearance to A. tenellus, but dif- 
fering in having abundant abactinal and adambulacral pedicellariae 
as well as pedicellariae on superomarginal and inferomarginal plates, 
smaller paxillae, narrower superomarginal plates, and more promi- 
nent lateral spines, which are 4 in number, except on outer third 
of ray, where 3 are present. Rays long and slender; paxillar 
area narrow. R=74 mm., r=9 mm., R=8.2 r; breadth of ray at 
base, 9 to 10 mm. 

Description—Paxillae similar to those of A. eremicus. Spinelets 
terete, blunt, usually as long as or a trifle longer than pedicel; and 
om the largest paxillae of interradial areas there is 1 central 
spinelet and 9 or 10 in a peripheral series; halfway along ray there 
are 6 or 7 in a peripheral series and no central spinelet. Scattered 
over the paxillar area are numerous conical pedicellariae with 3 to 6 
blunt, tapering, spiniform jaws which are slightly longer than the 
pedicels of paxillae. 
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Superomarginals, 43 to 44 (on longest ray), slightly longer than 
wide, except at base of ray, and covered with short spinelets, slightly 
flattened, lanceolate, and blunt on center of plate, slenderer and 
terete at sides. Each plate on the proximal three-fourths of ray 
bears, at the upper end slightly aborally from center, a conical sharp 
spine (as in ftenellus), about as long as the plate. Most of the 
plates bear also, near the center, a low, dome-shaped, fasciculate, 
pedicellaria composed of 4 to 8 slightly modified stubby spinelets. 
These pedicellariae are somewhat irregular in position and 2 are 
occasionally present. Their spinelets are thicker than the neighbor- 
ing spinelets. 

The inferomarginals extend laterally beyond the superomarginals 
defining the border of ray, as in eremicus, luzonicus, and tenellus. 
Lateral spines 4, or 3 on outer third, slender, tapering, sharp, and 
sometimes slightly curved; and, in addition, the plates of the proxi- 
mal third continue the series to the inner end of plate, with 1 or 2 
shorter, slenderer, but well-developed spinules. ‘The uppermost 
spine, or the second, is the longest and proximally equals 2.5 plates. 
The spinelets of the inferomarginals are coarse, tapering, and bluntly 
pointed. Most of the proximal plates bear a small fasciculate pedi- 
cellaria at the upper end, near the base of the first spine; and on the 
ventral surface of nearly all the plates are 1 to 3 similar but larger 
pedicellariae. 

Adambulacral armature: (1) Furrow spines, 3, the median com- 
pressed and thin, with a rounded, or blunt, point, the laterals a trifle 
shorter, tapering, and much slenderer. (2) On the actinal surface, 
back of the furrow series, a series of 2 or 3 spines similar to those of 
tenellus, the aboral member enlarged, tapering, slender, flattened, 
blunt-pointed and a little longer than median furrow spine; behind 
these are 3 to 5 shorter spines. Instead of this arrangement, many 
plates have the subambulacrals nearly equal and grouped to form a 
pedicellaria. In this case the spines are especially modified and 
encircle a pit in the plate; jaws usually 4 to 6. Rarely the 2 lateral 
furrow spines form part of the pedicellaria, there being then only the 
median left. On some plates simply the outermost 3 or 4 spines form 
a small pedicellaria. Almost all possible combinations occur. 

Mouth plates narrow, as in the foregoing species. Spines irregular. 
There are 4 teeth at the inner end of the combined mouth plates; 
marginal spines small, forming an angular irregular series. Super- 
ficial spines forming an irregular crowded series along either side of 
the suture, the outer 1 or 2 of each series being enlarged. 

Actinal intermediate plates few and armed with a fasciculate 
pedicellaria, with 4 to 6 slender jaws, and with several additional 
spinelets at the base. 
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Madreporic body hemispherical, small, about its own diameter 
distant from margin, and traversed by few course, irregular striae 
parallel to interradial line. 

Type.—Cat. No. 30514, U.S.N.M. 

Type-locality— Station 5424, Sulu Sea, off Cagayan Island, Caga- 
vanes Islands, 340 fathoms, a eit bottom temperature 50.4° 
F.; 1 specimen. ‘ 

Distribution—kKnown only from the type-locality. 

Remarks.—This form seems to be most closely allied to A. tenellus, 
which it resembles in having long rays, superomarginal spines on all 
but the distalmost superomarginals, and rather numerous subambu- 
lacral spines, of which 1 is enlarged. The general appearance of 
the two species is much alike. It differs from tenellus in having 
abundant abactinal and adambulacral pedicellariae, and pedicellariae 
on the superomarginal and inferomarginal plates; in having smaller 
paxillae, narrower superomarginal plates, less appressed, less flat- 
tened, and shorter superomarginal spinelets, and longer and more 
bristling lateral spines. In fenedlus there are usually 3 of these, 
but in pedicellaris there are 4, except far along ray, and these 4 are 
nearer of a size than in fenellus. The presence of numerous pedi- 
cellariae on the adambulacrals alters the armature of those particu- 
lar plates, but otherwise the arrangement of spines is much alike. 
The enlarged spine is relatively a little shorter in pedicellaris. 

Pedicellaris differs from griegi in the presence of pedicellariae, 
which are entirely lacking in that species, and, in addition, in having 
no spine on the distal superomarginals, and in having a compressed 
median furrow spine. 

From eremicus, pedicellaris differs in having longer rays, supero- 
marginal spines and pedicellariae, only 3 furrow spines, an en- 
larged subambulacral, more numerous lateral spines and abundant 
inferomarginal pedicellariae. From luzonicus it differs in having 
superomarginal spines far along ray, superomarginal pedicellariae, 
more abundant abactinal pedicellariae, more numerous lateral spines, 
pedicellariae on the upper end of inferomarginals, more numerous 
superomarginal spines far along ray, superomarginal pedicellariae, 
spines. Luzonicus, tenellus, pedicellaris, and griegi are long-rayed 
forms; eremicus has much shorter rays while retaining the same 
general facies. It is possible that tenellus, pedicellaris, and griegi 
are forms of the same species, as they are similar in general appear- 
ance and in certain details, as for example in the arrangement of the 
adambulacral spines, and the presence of an enlarged subambulacral 
spine. (Griegi, however, lacks pedicellariae, and several other differ- 
ences have been listed above. It is not possible to solve the question 
with the available material. 
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Genus CTENOPLEURA Fisher. 


Ctenopleura Fisuer, 1913a, p. 608. Type, C. astropectinides. 


Diagnosis —Allied to Astropecten, but differing in having the 
gonads in a crowded series parallel to the marginal plates, and 
extending about a third the length of ray; inferomarginal plates 
with a lateral, oblique, compact comb of 3 to 5, usually 4, slender 
appressed spines, closely resembling the lateral comb of Perse- 
phonaster, and in addition 1 to 5 flattened, appressed spines on the 
actinal surface; adambulacral plates with usually 4 or 5 furrow 
spines (or, on the second and third plates, sometimes 6 or 7) in- 
stead of 38, the usual number in Astropecten; subambulacral spines 
small, none enlarged; often a fasciculate subambulacral pedicellaria 
is present; Polian vesicles 5. Other characters as in Astropecten. 

Remarks.—This genus includes also Astropecten ludwigi de Loriol, 
of Japan, in which the gonads are arranged in series extending 
about a third the length of the ray. In Astropecten the gonads form 
a single tuft on each side of the interbrachial septum. (. ludwigi 
is rather closely related to C. astropectinides. Both have the general 
appearance of Astropecten, although the armature of the marginal 
plates is more like that of Persephonaster. A few species of Astro- 
pecten have 4 or 5 furrow spines proximally, but the usual number 
is 8. Many species of Astropecten have 6 Polian vesicles, but I am 
not certain that the character is of generic value. 

The arrangement of the gonads in series will separate Ctenopleura 
from Leptychaster, Bathybiaster, Psilaster, Blakiaster Astromesites, 
Ctenophoraster, Persephonaster, Tritonaster, and Patagiaster. The 
very restricted development of the actinal intermediate plates will 
at once distinguish it from other Astropectinidae having serially ar- 
ranged gonads, such as Anthosticte, Tethyaster, Thrissacanthias, 
Pipsacaster, and Plutonaster. The armature of the marginals will 
separate Cienopleura from Lonchotaster and Ripaster in which the 
gonads are not described, while Sideriaster and Moitraster are distin- 
guished by their large actinal interradial areas. Among the more 
nearly related genera some further differences may be enumerated. 
Persephonaster lacks the very angular astropectinoid adambulacral 
plates and has an angular series of mouth spines high in the furrow, 
while Blakiaster has pseudopaxillae and an odd interradial series 
of actinal intermediate plates. Zhrissacanthias differs in having 
an enlarged subambulacral spine and a less angular furrow series. 
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CTENOPLEURA ASTROPECTINIDES Fisher. 


Plate 16, figs. 1, la—c; plate 17, fig. 3; plate 18, fig. 2 


Ctenopleura astropectinides F1sHER, 1915a, p. 608. 
Astropecten astropectinides DODERLEIN, 1917, pp. 46, 62, 166. 


Diagnosis.—Related to @. ludwigi (de Loriol),1 but differing in 
having longer, narrower rays, shorter, stouter, superomarginal spines 
confined to marginal angle of ray, strongly 4-lobed abactinal plates 
on papular areas, and fewer actinal inferomarginal spines. R= 
129 mm., r=25 mm., R=5 r.; breadth of ray at base, 28 mm. Disk 
small, rays long, narrow, very gradually tapering to a bluntly 
pointed extremity; abactinal integument thin, paxillae, tall, spaced, 
bearing a compact upright group of 10 to 15 subequal, terete, slender, 
blunt spinelets varying from slightly shorter to slightly longer than 
the cylindrical, barrel-shaped, or compressed pedicels; superomar- 
ginals encroaching conspicuously upon abactinal area, the dorsal 
face tumid and about twice as wide as the lateral; marginal area of 
plates covered with short, slender, crowded spinelets, becoming coarse 
roundish granules on the summit of median transverse tumidity, 
the angle between lateral and dorsal facets bearing a transverse series 
of 2 to 4 short conical spinules; the first and the 3 or 4 last plates 
without spinules; inferomarginals proximally as wide as length of 
3, slightly arched but actinal surface not at all strongly beveled; 
outer end armed with oblique comb of 4 slender, sometimes slightly 
curved, closely placed, appressed spines, the lowest or next to lowest 
the longest, and about 1.5 to 1.75 plates in length; spaced from these 
are proximally 2 spaced flattened sharp spines nearly as long as 
longest lateral spine; general surface covered with squamiform spine- 
lets often spatulate in form; adambulacral plates with 4, proximally 
5 or 6 (distally sometimes 3), rather long, flattened spines, the lat- 
erals subtruncate or round tipped; subambulacral spinelets proxi- 
mally 12 to 16, subequal, slender, often flattened, and only about half 
as long as median furrow spine; most of the plates with a conspicuous 
fasciculate pedicellaria, made up of 6 or 8 of the subambulacral 
spines. 

Description—Paxillae fairly large, not crowded, but on the con- 
trary rather spaced, especially on the disk, and arranged in slightly 
oblique transverse series, 5 or 6 of which correspond to the length 
of 2 superomarginals at base of ray. The paxillae are slightly 
smaller on the center of disk, and along the midradial line they are 
often very strongly compressed and larger than at either side. The 
pedicel is rather tall, subcylindrical, a trifle swollen at the middle, 


ia RON ludwigi de Loriol, Mém. soe. phys. et ‘Whist, nat. Généve, vol. 33, Be Zs 
No. 1, p. 21, pl. 2, fig. 4. (Tago, Japan.) 
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: 
sometimes as mentioned above, more or less compressed, so as to be 
elliptical in cross-section. In the type the paxillae of the disk are 
about 83 mm. high, including the tuft of cylindrical spinelets, which 
vary from slightly shorter to slightly longer than the pedicel. In a 
specimen from station 5392 the pedicels on the disk, except near 
the extreme margin, are longer than the spinelets. The larger 
paxillae of the disk have 10 to 15 subequal, blunt, slender spinelets, 
usually standing erect in a compact group; when dried the spinelets 
become sharper. 

The plates of the papular area have a very characteristic form, 
which may be described as 4-lobed, the 2 lobes on the axis of the 
oblique transverse series being pointed, while the other 2 lobes are 
considerably broader and truncate. The plates do not touch, except 
sometimes near the margin, and most of them have a slight sub- 
conical or keellike elevation near or at the center. There are 6 
papulae around each plate. Along a median radial area (about half 
as wide as either lateral papular area) and the center of disk the 
plates are irregularly subcircular to broadly elliptical and 1.5 to 
2 times as broad as the lobed plates. This area is free from papulae, 
and the plates are spaced one-half to a little more than their own 
diameter. In (@. ludwigi the plates of the papular area are only 
slightly or not at all lobed. The lobes are best marked on the outer 
part of the ray, the plates of the proximal portion being subcircular, 
with indications of 4 to 6 scallops on the margin. 

Superomarginal plates, 48 or 49 in type, former much as in A. 
ludwigi, with a broad dorsal face passing by an abrupt rounded angle 
into the lateral face, which is about half the width of the dorsal. 
The exposed surface of the plate is decidedly convex along the me- 
dian transverse line, this fact and the armature giving the species 
somewhat the appearance of a Persephonaster. The marginal area 
of the plate is covered with delicate, blunt, closely placed spinelets, 
which decrease in length toward the median transverse area, where 
the armature is in the form of coarse, rounded granules, which in- 
crease in size from the inner edge of the plate toward the lateral 
angle of the ray, these becoming more or less conical and sometimes 
squamiform around the base of 2 to 4 short, conical, stout spinules 
which form a transverse series or a group. These correspond 
to the superomarginal spines of Z. ludwigi, but are more closely 
bunched on the margin of the ray. Sometimes a smaller, thick, 
granuliform, conical spinelet is found spaced from the others toward 
the inner margin of the plate, or a line of two or three such, espe- 
cially on the second to fourth plates. The first plate lacks spines. 
On the outer third of the ray the granules cover most of the exposed 
surface, but as the middle of the ray is approached the granular area 
becomes narrower and the plates slightly more tumid. The last 4 


STARFISHES OF THE PHILIPPINE SEAS. 93 


or 5 plates seem to lack spines. A specimen from station 5392 has 
usually but 1 spine on the angle between the lateral and dorsal 
facets of the plate, except on the first 2 and last 4, where there 
are none; a few plates have 2, and the spinelets are not so granuli- 
form on the central area as in type. Terminal plate wider than long, 
with a notch at the distal and proximal border, connected by a 
shallow sulcus. 

Inferomarginals in general similar to those of A. ludwigi, the 
actinal surface proximally about as wide as length of 3 plates, the 
width gradually decreasing until distally it equals length of 2 plates. 
The rounded outer end of the plate bears, as in Jwdwigi, an oblique 
appressed vertical comb of 4 closely placed, slender, sharp, slightly 
flattened spines, the lowest or sometimes the next to lowest the longest 
and a little over one and a half plates in length, the uppermost about 
half to two-thirds as long. This comb is precisely similar to the 
lateral comb of Persephonaster. On the actinal surface of the plate 
and near the aboral margin, well spaced from the lateral comb, are 
proximally 2 flattened, appressed, sharp, well-spaced spines, varying 
from two-thirds to three-fourths the length of the longest lateral 
spine. On the outer half of the ray there is one only, about halfway 
between the inner end of the plate and the lower end of lateral comb. 
In one of the specimens from station 5392 there is but one actinal 
spine throughout the ray. The surface of the plate is covered with 
obovate spatulate squamules, usually round tipped, but becoming 
pointed at the base of the lateral comb, 

Actinal intermediate plates extending to the fourth inferomarginal 
in type, there being 7 or 8 plates in a single row on each ray. The 
plates are covered with slender papilliform spinelets and 1 to 4 in 
each series has a central lanceolate appressed spinule. Occasionally 
the proximal plate bears a fasciculate spiniform pedicellaria. 

Adambulacral armature very similar to that of C. ludwigi. Plates 
wider than long, placed obliquely, and with a salient furrow angle, 
bearing usually 4 strongly flattened furrow spines, the median 
tapering slightly and with its edge to the furrow, but the later- 
als truncate, and usually decidedly broader at the apex than base. 
The second to eighth plates are fewer, have 5 furrow spines, 
and in 1 specimen occasionally 6. Most of the plates of the type 
have 4 furrow spines, the laterals successively slightly shorter 
than the median. When there are 4 spines, 1 lateral is aboral 
to the apex spine and 2 adoral. On the outer third of the ray 
the adoral spine sometimes stands slightly back from the margin, 
leaving 8. In a specimen from station 5392 rather more of the 
proximal plates have 5 or 6 furrow spines than in the type. Sub- 
ambulacral spinelets subequal, slender, proximally 12 to 16 (excep- 
tionally a few more) and distally 8 or 10, varying slightly on either 
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side of these extremes. They are about half as long as the median 
furrow spines, flattened and subtruncate proximally (especially on 
the inner part of plate), becoming terete and blunt distally. The 
spinelets are about the size of those of the actinal intermediate plates, 
and do not form regular series, although sometimes an indistinct 
arrangement in 2 longitudinal series is observable. As in 4. ludwigi, 
there are no enlarged subambulacral spines, but on the aboral side 
of most of the plates is a conspicuous fasciculate pedicellaria, with 
6 to 8 papilliform, subtruncate, blunt, or pointed jaws, forming a 
subeircular group surrounding a depression in the plate. On the 
outer part of the ray numerous plates lack the pedicellaria. Prox- 
imally some of the spinelets constituting the pedicellaria are broad- 
ened and grooved at the tip. The form of the spinelets is rather 
variable, however, some being tapered and bluntly pointed. In the 
3 specimens of C. ludwigi which I have examined, the largest with 
R, 103 mm., the subambulacral pedicellariae are similar to those of 
C. astropectinides, except that the spinelets are a little more uni- 
formly slender and pointed. The first plate is very strongly com- 
pressed and much wider than the others, bearing a closely placed 
double series of 30, or even more, slender, blunt spinelets, having 
the appearance of an immense pectinate pedicellaria. Usually only 
1 is shghtly enlarged on the furrow. 

Combined mouth plates rather long and narrow, encroaching con- 
spicuously upon actinostome and with a flaring marginal series of 
7 or 8 slightly flattened round-tipped spines, which increase at first 
slightlv, then rapidly, toward the inner heavy tooth, which is subterete, 
or slightly compressed. The surface of the plate is occupied by 2 
crowded rows of about 18 spines, those near the inner half of the 
plate similar in form to the teeth though a trifle smaller. On the 
outer half of the plate the spines adjacent to median suture increase 
in length and assume a lanceolate form, while the spines of the other 
parallel series usually decrease markedly in length, so that at the 
outer end of the plate there is but 1 conspicuous series of spines. 
Sometimes these superficial spines are subspatulate. The lateral 
carries a series of small, spaced, slender spinelets, much smaller than 
those of the adjacent first adambulacral. 

Madreporie body small, very convex, with irregular striae, and 
situated about midway between the center and margin of disk. 

Color in alcohol, rather dark brown. 

Anatomical notes—Gonads in numerous closely crowded tufts 
attached to the genital] stolon, and extending about one-third the 
length of the ray, close to the marginal plates. Each genital tube 
is either simple or with a few branches. Intestinal coecum spacious, 
saclike, in 3 unequal lobes, one of which being partly divided gives 
the appearance of 4. The form is very nearly the butterfly shape 
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characteristic of Persephonaster. Anal aperture very small. Polian 
vesicles 5. Stomach spacious, filled with gastropods. Hepatic coeca 
slender, extending about half the length of ray. Superambulacral 
plates slender and rather long; lower end of ambulacral ossicles, with 
a broad flange distally, overlying part of a triangular adoral flange. 
Along the ambulacral ridge between each pair of plates is a sac- 
like depression resembling an opening into a cavity beneath, but 
apparently there is no connection with the underlying spaces. Blind 
tubes lead out from the coelom between the marginal plates, as in 
Persephonaster, at the point of junction of 4 plates. 

Type—Cat. No. 30515, U.S.N.M. 

Type-locality— Station 5520, 4.5 miles southwest of Point Tagolo 
Light, north coast of Mindanao, 102 fathoms, bottom temperature 
61.3° F.; 1 specimen. 

Distribution—Between Samar and Masbate, south to the north 
coast of Mindanao, 102 to 135 fathoms, green mud and sand. 

Specimens ecamined.—tIn addition to the type, 2 from station 5392, 
between Samar and Masbate, 135 fathoms, green mud, sand. 

Remarks.—This species differs from C’. dudwigi in having the rays 
longer, relatively narrower at the base, but tapering only very slightly 
until near the tip, so that they are of a different form. In ludwigi 
the rays taper evenly from the base to a pointed extremity, and R 
equals 4 r. or less in small specimens. In C. astropectinides R equals 
5 to 5.5 r. C. astropectinides differs further in having shorter, 
stouter, superomarginal spines, on the marginal angle of the ray 
only, not across the dorsal facet of the plate, as in dudwigi; in having 
the abactinal plates of the papular areas strongly 4-lobed; in having 
proximally fewer actinal inferomarginal spines in addition to the 
lateral comb (3 to 5 in dudwigi) ; the actinal intermediate plates of 
ludwigi are less symmetrical, there being often in large specimens 
1 out of place behind the mouth plates, simulating an odd actinal 
intermediate plate; the furrow spines are stouter and broader at 
the tip in astropectinides. Apparently the subambulacral pedicel- 
lariae are variable in occurrence in ludwigi. In the 3 specimens 
which I have examined they are abundant, but in a figure sent by 
Dr. S. Goto they are not shown except on the first plate. 


Genus CTENOPHORASTER Fisher. 
Ctenophoraster FisuHeEr, 1906, p. 1014. Type, C. hawaiiensis Fisher. 
CTENOPHORASTER DIPLOCTENIUS Fisher. 
Plate 12, fig. 4; plate 16, figs. 2, 2a—c; plate 17, fig. 2; plate 18, fig. 1. 
Ctenophoraster diploctenius FisHeEr, 19138a, p. 609. 


Diagnosis —Rays 5, R=105 mm., r=15 mm., R=7 r; breadth 
of ray at base 18 or 19 mm. Very closely resembling C. hawaziensis 
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in general appearance, but differing in having no median radial area 
of smaller irregularly arranged paxillae; in having the paxillae in 
regular curved transverse series on rays, with fewer paxillae to the 
series than in hawaiiensis; in having finer superomarginal spinelets 
and more numerous minute superomarginal fasciculate pedicellariae; 
in having slenderer and fewer inferomarginal spines, arranged in 2 
oblique arcuate lateral series, and 1 transverse actinal series (not 
3 and 2, respectively, as in hawaiiensis) ; in having tiny inferomar- 
ginal and numerous prominent actinal intermediate and subambu- 
lacral fasciculate pedicellariae; in having fewer subambulacral spines 
and prominent central spines to the actinal interradial plates. 

Description.—The general form and proportions are like those of 
hawatiensis and the abactinal surface has much the same appear- 
ance, except that the paxillae are more regularly and compactly 
arranged, and along the median line of the ray there is no well- 
defined stripe of small and irregularly arranged paxillae, as shown 
in plate 5, figure 2, Fisher, 1906. Instead the median radial paxillae 
are distinctly larger and fewer, and the paxillae of rays form slightly 
curved transverse rows, which continue uninterrupted across the 
radial area. At the base of the ray about 5 of these correspond to 
2 superomarginals, and opposite the fourth superomarginal a trans- 
verse series contains about 16 paxillae, while in hawaziensis there are 
about 22. The paxillae of disk are larger than those of the rays, 
and, as in hawaiiensis, are very close set. The general form of the 
paxillae is alike in the two species, but in diploctenius the spinelets 
are more delicate. A typical paxilla from the proximal portion of 
ray has 12 to 15 peripheral and 5 to 7 central, terete, round-tipped or 
subcapitate spinelets, while a large paxilla from the interradial re- 
gions of disk has 20 peripheral and 15 spaced central spinelets. 
Many of the paxillae bear a small central fasciculate pedicellaria 
with 4 or 5 practically unmodified, paxillar spinelets for jaws. They 
surround a hole in the tabulum. I have not been able to find them 
in hawaiiensis. 

The abactinal plates, or bases of paxillae, as seen from the coelomic 
surface, are much longer than wide and very regularly arranged in 
transverse series. The shape, arrangement, and size are shown by 
the figure (pl. 16, fig. 2). Unlike hawatiensis, diploctenius has ove1 
most of the ray a very regular, median radial series of elongate 
plates, accompanied by very small secondary plates, which externally 
have tabula and spinelets but are quite inconspicuous between the 
large paxillae and do not interrupt their regularity. Sometimes 2 
consecutive radial plates are separated by a small secondary plate. 
Papulae are absent from this radial stripe and center of disk; else- 
where they occur very regularly in sixes about each plate. 
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Superomarginal plates, 53 to a ray, are oriented a little more 
obliquely than in hawaiiensis and are separated by deep fascioles, 
lined with fine spinelets. As in hawaiiensis, they form a rounded 
margin to the abactinal surface, encroach conspicuously upon abac- 
tinal area and are practically abactinal in position, except in the 
interbrachia, being much wider than high on the rays. The surface 
of the plate is covered with a nap of delicate, blunt spinelets, short 
on the exposed surface, becoming rather abruptly longer around the 
margins. They are more delicate than in hawaiiensis and are not 
enlarged at the outer end of the plate as in that species. (Fisher, 
1906, pl. 8, fig. la.) A majority of the plates have a small fascicu- 
late pedicellaria in the outer or lateral side and near the aboral 
margin, consisting of 3 to 6 small spinelets a little more tapered, 
but not longer than the surrounding spinelets. These pedicellariae 
are often hidden by the ends of the inferomarginal spines. Rarely 
a similar, though coarser, pedicellaria occurs in C. hawaiiensis, 
usually hidden by the ends of the inferomarginal spines. I over- 
looked these in the original description, as they are difficult to deter- 
mine unless the specimen is dry. 

The terminal plate is longer in proportion to width than in 
hawatiensis. 

Inferomarginals corresponding to the superomarginals and extend- 
ing laterally slightly beyond them. They are short and wide, with 
the same type of armature as in hawaitiensis, but, generally speaking, 
the primary spines are more delicate and fewer and the thorny 
hooked tips less conspicuous. At the outer end of the plate in 
hawaiiensis there are 3 oblique, concentric, arcuate series of spines, 
the outer overlapping and covering the inner two (Fisher, 1906, 
pl. 38, figs. la, 1c). The innermost series has 3 to 5 spines (in hawaii- 
ensis), the middle 6 to 8, and the outer series proximally 8 or 9, and 
distally 5 to 7. In diploctenius these numbers are: Inner series, not 
present; middle series, proximally 5, distally 3 or 4; outer series, 
proximally 5 to 7, distally 3 to5. On the ventral surface of the plate, 
in hawatiensis, there is a series of 5 to 8 stout, unequal, flattened 
spines continuing the outermost lateral series to the inner end of 
plate. These overlie 6 or more smaller and more delicate spinules, 
which represent a continuation of the innermost lateral series. In 
diploctenius the first of these series has 5 or 6 more delicate spines, 
proximally, and 2 or 3 distally, situated nearer the aboral margin 
than in hawaiiensis. The second series is not present. In front of— 
that is, adoral to—the outer row of lateral spines and its actinal con- 
tinuation are numerous slender, flattened accessory spinules, tipped 
as the big spines and forming about the base of each spine a curved 
series of 4 or 5. The primary spines are all slenderer than in 
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hawaiiensis, tapered, slightly curved, and with the characteristic 
thorny tip of hawatiensis, only more delicate. The second or third 
lateral spine from the upper end is the longest, equaling in length 
2 superomarginals. The underlying spines of the second lateral 
series are about as long, but more delicate. All are closely appressed 
to the side of the ray. The rest of the plate is covered with terete 
round-tipped spinelets similar to those of hawaiiensis. On the me- 
dian line at the inner end of most of the inferomarginals of ha- 
watiensis is an enlarged spinule, which does not form a part of the 
transverse series. This is only rarely present in diploctenius. At 
about the middle of the actinal surface of a majority of the plates of 
diploctenius is a fascicular pedicellaria formed of several unmodified 
spinelets. I have not been able to find these in hawatiensis. A por- 
tion of the description of the inferomarginals of hawaiiensis needs 
modification. It is stated (Fisher, 1906, p. 1015) that the actinal 
inferomarginal spines are blunt; they so appear in alcoholic speci- 
mens, but when dried the tips are thorny and as in plate 3, fig. 1b 
(ibidem). The curious hooked tips of the inferomarginal spines 
and spinules seem to be generic, but the membrane hides the hooks 
in the case of the actinal spines. 

Adambulacral plates with fewer subambulacral spines than in 
hawaiiensis and with frequent fasciculate subambulacral pedicellariae. 
Furrow spines 3, blunt, long, slender, and compressed, the median 
the most. Subambulacral spines often in 2 longitudinal series of 
3 each, with 1 to 3 shorter spines on the outer part of plate; or 
proximally the outer series, and sometimes also the inner, may have 
4 spines. These are all tapering, slender, and blunt, those of inner 
row a little longer than furrow spines. The pedicellariae are of 
frequent occurrence and usually stand on the aboral inner corner 
of the plate. Each consists of about 5 tapering spines surrounding 
a pit in the plate. The aboral spine of the first actinal series some- 
times stands on the furrow margin. This is regularly the case in 
hawatiensis so that there appears to be 4 furrow spines, or 5 when 
the adoral member moves also to the margin. The actual number of 
furrow spines is only 3 in both species. First adambulacral plate 
compressed with about 15 spines in 2 transverse series. 

Mouth plates densely covered with spines, the armature being 
similar to that of hawatiensis. At inner end of plate are 4 heavy, 
blunt teeth forming a perpendicular comb (a part of the superficial 
series), which is continued to the outer end of the narrow plates, 
adjacent to median suture in about a dozen more, much slenderer, 
tapering, blunt spines, which become smaller as they approach the 
outer end of the plate. The actual marginal spines are small and 
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form an angular series deep in the actinostome and between these 
and the superficial spines are 2 or 3 irregular series of intermediate 
spines. 

Actinal intermediate plates extending in a single series to within 
8 inferomarginal plates of the tip of ray and in a double series only 
as far as third. Back of the mouth piates and corresponding to them 
is a pair of intermediate plates, but between these and the margin 
is an odd interradial series of plates meeting the suture between the 
two first inferomarginals, as in Blakiaster, Leptychaster, and several 
other Astropectinidae. Exclusive of the plates immediately adjacent 
to the adambulacrals, each interradius has 17 intermediate plates. 
A majority of those adjacent to inferomarginals, both on rays and 
disk, bear a prominent fasciculate pedicellaria with 6 or more taper- 
ing, slender spiniform jaws, surrounding a deep central pit in the 
plate. These are surrounded by a number of divergent spinelets 
like the calyx of a flower, the whole forming an ornate, paxillalike 
structure. The other interradial plates bear a long slender central 
spine, surrounded by numerous shorter spinelets, resembling those 
of the general surface of inferomarginal plates. The intermediate 
plates all have fairly high tabula. A few of the intermediate plates 
of hawaiiensis have an inconspicuous pedicellaria with about 5 
spiniform jaws on one side of tabulum, not a prominent central one 
involving the central spinelets of the plate, as in diploctenius. 

Madreporic body small pentagonal, situated about twice its diam- 
eter from marginal plates and traversed by fine striae proceeding 
from the middle of the adcentral side. 

Color in alcohol, dark brown; dried, sepia brown. 

Type—Cat. No. 30516, U.S.N.M. 

Type-locality.— Station 5272, China Sea, vicinity of southern 
Luzon (lat. 14° N.; long. 120° 22’ 30’’ E.), 118 fathoms, mud, shells, 
coral sand, bottom temperature 57.4° F.; 1 specimen. 

Distribution—\known only frem type-locality. 

Remarks.—The foregoing diagnosis and description has com- 
pared this form with the only other known species of the genus. It 
is interesting to note how closely the two forms have followed the 
same type of structure while differing in nearly every detail. At 
first glance the two seem to be the same, but such is undoubtedly 
not the case. 

This species is another instance of the general similarity of the 
Hawaiian and East Indian faunas. 
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Genus PSILASTER Siaden. 


Psilaster SLADEN, Narr. Chall. Exp., vol. 1, 1885, p. 611. Type, Astropecten 
andromeda Miiller and Troschel. 
Phidiaster KoEH LER, 1909, p. 28. Type, Phidiaster agassizi Koehler. 
PSILASTER GOTOI Fisher. 


Plate 16, figs. 3, 3a—b; plate 20, fig. 3; plate 21, fig. 1; plate 30, fig. 4; plate 35, 
fig. 3. 


Psilaster gotoi FrisHer, 1913a, p. 609. 


Diagnosis—Rays 5. R=58 mm., r=14 mm., R=4.1 r; breadth 
of ray at middle of interbrachium, 16 mm.; at third superomarginal, 
13.5 mm.; height of combined marginal plates at middle of inter- 
brachium, 7.5 mm.; at middle of fourth superomarginal, 6.5mm. Disk 
fairly large, rays evenly tapered to a pointed extremity ; interbrachia 
about 90°, rounded; superomarginals with a single row of prominent 
appressed spines extending nearly to tip of ray; inferomarginals 
with 2 series, one near the upper end of the plates and the other 
near the lower; adambulacral plates with 7 or 8 furrow spines 
proximally, and about 10 subambulacral spines in 2 series; mouth 
plates with horizontal fan of 4 prominent teeth. Differs from 
Ps. agassizi Koehler in having only 1 superomarginal series of 
spines, no well-defined central naked area on inferomarginals, and 
in having the superomarginals less conspicuous dorsally, and the 
inferomarginals practically confined to the sloping side wall of ray; 
turrow spines shghtly more numerous. 

Description—Paxillae in slightly oblique transverse series, meet- 
ing a circular area (extending as far as madreporic body) of disk 
and a narrow radial area of the proximal half of ray where the 
plates are without regularity and closer together, owing to the ab- 
sence there of papulae. The largest paxillae are on the outer part 
of this circular area and its stellate radial extensions, and they 
decrease in size toward the center of disk and margin and along 
the rays both toward margin and extremity. In center of disk is an 
epiproctal cone with minute paxillae, and a tiny anal aperture. 
At base of ray 6 transverse rows of paxillae correspond to 2 supero- 
marginals, and between the second and third superomarginals about 
21 paxillae can be counted across the ray to a corresponding point 
en the other side. The paxillae are flat-topped and the largest 
contain 15 to 20 cylindrical, very truncate spinelets, jammed to- 
gether so that there is no clear distinction between a peripheral 
series and central group. Some of the peripheral spinelets are here 
and there notably slenderer, especially in a smaller specimen from 
station 5470, where the spinelets are not so crowded. A paxilla 
at base of ray has 8 to 18 spinelets according to whether it is near 
the margin or radius; on the outer fourth of ray, 5 to 8 spinelets. 
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Superomarginal plates, 33 or 34 to a ray, are massive and con- 
fined to side of disk in interbrachia, but the upper end soon widens, 
and the plates become lower, so that the lateral face about equals 
the dorsal, there being no sharp angle between the two for the plates 
form a rounded edge to the ray. The lateral face of the supero- 
marginals is not vertical but sloping so that outside of the inter- 
brachia the whole width of the plate can be seen when viewed from 
above. All except the last 5 to 10 plates bear a stout, flattened, 
sharp spine equal in length to 1.5 or 2 plates. In the interbrachia 
this is situated at the extreme upper end of the plate, and gradually 
recedes from the inner edge as the width of the dorsal face in- 
creases, keeping on the rounded angle between the latter and the 
lateral face. This spine is bent toward the end of the ray and 
usually appressed, except in interbrachia. The surface of the plate 
is covered with flat, large, squamiform granules with a polygonal 
or broadly leaf-shaped contour, the free edge turned upward on the 
lateral face of plate and distad on the dorsal, where the granules 
are largest. These are transformed into pulpy spatulate spinelets 
on the edge of the plate and finally in the narrow abrupt fasciolar 
grooves they become capillary. The base of the spine is surrounded 
by a small bare space, except at the base of the ray, but it is less 
extensive than in Psilater agassizi. 

Terminal plate about as long as wide, with a notch on the prox- 
imal border, and with 3 stout sharp terminal spines, 1 dorsal and 
2 lateral. 

Inferomarginal plates confined to side wall of ray, except on outer 
fourth, forming a steeply sloping wall, their upper end projecting 
shghtly laterally beyond the superomarginals. Except the first 3 
plates, they are one-third to one-half higher than the superomar- 
ginals to which they correspond exactly. The first and sometimes 
the second plate bears at the lower end a single flattened sharp 
appressed spine pointed upward. The others, except the last 5 or 
10 plates (which also have only the lower spine) have 2 such ap- 
pressed spines, one near the upper and one near the lower end, and, 
proximally, near the median line but soon moving to the distal 
margin. ‘These spines are very robust, the upper being about as 
long as the height of plate and the lower about three-fourths as 
large. The granules covering the plate are very flat and squami- 
form, broadly leafshaped and directed upward. On the median 
transverse area of the plate they are rather sparse, but there is no 
well-defined naked area. These squamiform papillae are invested 
with membrane like the superomarginal squamules but are not so 
pulpy as the actinal spinelets. 

3434—Bull. 100—19——_8 
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Actinal intermediate plates extend in a single series three-fourths 
the length of ray or to within 13 inferomarginals of the tip; in 2 
series not quite half, and in 3 only to the fifth inferomarginal. 
There is no unpaired interradial series of plates except near the 
margin where 1 or 2 plates are interradial; these are met by paired 
series from the mouth plates or first adambulacrals. Or there may 
be an unpaired plate behind the combined mouth plates and another, 
widely separated, near the margin. The plates bear coordinated 
groups of 5 to 10 short pulpy spatulate or clavate papillae, borne 
on low tabula, and are separated into series by channels running 
from the interadambulacral sutures to the margin. 

Adambulacral plates with strongly angular furrow margins, of 
which the aboral facet is slightly the larger. Furrow spines 7 or 
8 proximally and 6 or 7 distally. They form a palmate series, the 
median the longest, and compressed with edge tg furrow; the 
laterals with the surface to furrow. All are blunt with a slight 
membranous swelling at tip. The aboral member is often trun- 
cate. The subambulacrals are shorter, pulpy, clavate, or inverted- 
clavate, similar to the spinelets of the actinal intermediate plates. 
The calcareous spine is also club-shaped. They are usually arranged 
in 2 longitudinal series with about 5 spines in each. The first 
and second plates are much compressed, the first bears about 20 
spines in 2 closely appressed transverse series. 

Mouth plates much compressed and prominent actinally, the 
combined pair a little over twice as long as wide with a wide median 
suture of nearly uniform breadth throughout. Armature (1) at 
the inner angle of each plate a large oblong or oval leaflike tooth 
with a smaller one at the side sometimes nearly as long; (2) a mar- 
ginal series of about 12 small strap-shaped truncate or round-tipped 
spines extending three-fourths the distance to outer end of plate, 
and appressed against a series of about 12 heavier, often clavate, 
but stubby spines, following the border of the suture. Except for 
the inner teeth each mouth plate resembles an enlarged first adam- 
bulacral. 

Madreporic body small, a little nearer margin than center, and 
traversed by coarse striae. 

Type.—Cat. No. 30517, U.S.N.M. 

Type-locality.—Station 5468, Lagonoy Gulf, southeastern Luzon, 
569 fathoms, green mud; one specimen. 

Distribution—Known only from Lagonoy Gulf, off southeastern 
Luzon, 560 to 569 fathoms. 

Specimens examined.—Three; one from type-locality and one 
from each of the following stations: 

Station 5460, Lagonoy Gulf, 565 fathoms, gray mud. 

Station 5470, Lagonoy Gulf, 560 fathoms, mud. 
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Remarks.—This species is related to Ps. agassizi (Bay of Bengal, 
888 to 930 fathoms), in so far as it comes within the restricted genus 
Phidiaster Koehler. It differs from agassizi in having a single se- 
ries of superomarginal spines, the inner series of agassizi being 
absent. The superomarginals do not encroach so conspicuously upon 
the abactinal surface as in agassizi, and the inferomarginals are prac- 
tically confined to the side wall of the ray and do not, as in agassizi, 
form a border to the actinal area. The inferomarginal spines are 
larger, the spinelets more squamiform, there is no well-defined cen- 
tral naked area on the inferomarginal plates, and the furrow spines 
are more numerous in gotoi. 

This species is named for Dr. Seitaro Goto, of the Imperial Uni- 
versity, Tokyo, author of a valuable monograph on the starfishes of 
Japan. 

PSILASTER ROBUSTUS Fisher. 
Plate 16, figs. 4, 4a; plate 20, fig. 1; plate 21, fig. 3; plate 30, fig. 3. 

Psilaster robustus FISHER, 1913a, p. 610. 


Diagnosis.—Rays 5. R=30 mm., r=9.5 mm., R=8.15 r.; breadth 
of ray at base, 12 mm.; height of combined marginal plates at middle 
of interbrachium, 6 mm.; disk large, rays stout and short, evenly 
tapered; superomarginal plates very massive, encroaching conspicu- 
ously upon paxillar area, than which they are wider at middle of 
ray; paxillae small, spaced; one series of superomarginal spines; one 
series of lateral inferomarginal spines and an incomplete second 
(ventral) series at base of ray; marginal plates covered with squa- 
mules and without naked areas; furrow spines 6 to 7. Differing 
from Ps. gotoi in having much more massive superomarginals, which 
encroach more upon paxillar area, smaller paxillae, thicker terminal 
plate, only 1 complete series of inferomarginal spines, shorter and 
more globose suboral spines, slightly shorter adambulacral spines, 
and a thicker, more robust form. 

Description.—Paxillar area sunken below the level of the broad, 
tumid, superomarginal border, nearly plane except for a very promi- 
nent epiproctal cone. Paxillae rather small and spaced so that they 
lack the compact appearance of those of gotoi. Except for a stellate 
area, comprising center of disk, and the basal radial portion of ray, 
the paxillae are arranged in slightly oblique transverse series, which 
on the ray are scarcely interrupted at the radial line and therefore 
form complete slightly curved transverse rows, about 6 correspond- 
ing to 2 superomarginals at the base of ray. The general appearance 
of the paxillae is very similar to that of goto?, the largest, in the 
interradial portions of disk, having about 12 coordinated close-set 
spinelets, a peripheral one being here and there smaller than the 
others. Smaller paxillae at base of ray have 5 to 10 spinelets. 
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Superomarginal plates, 21 to a ray, are broader than high except 
in the interbrachium, and the dorsal face of the plates is wider than 
long, forming a raised tumid border to abactinal area. The dorsal 
face of the plate passes into the lateral face very gradually, so that 
the edge of the ray is well rounded. Each plate, except the last 
4 to 6, bears a prominent sharp, sometimes slightly flattened spine 
with a swollen base. On the first 2 plates the spine is near the 
inner edge of the plate, but on the third is about twice as far from 
the inner edge, and from the fourth on stands on the rounded border 
between the dorsal and lateral faces of the plate, and also gradually 
moves from the median transverse line to the aboral margin. The 
spines on the first 2 plates are really homologous with the inner 
(complete) series of Ps. agassizi, for near the inner edge of the 
third and sometimes the fourth plates of the type of robustus a 
similar spine occurs, making 2 for each of these plates, as regu- 
larly occurs throughout the ray in agassizi. This second spine is 
absent in the cotype. The plates are covered with spaced, circular, 
slightly squamiform and convex granules on the dorsal surface at 
base of ray, these becoming more and more squamiform toward the 
end of ray. On the lateral face of the plates all the granules are 
squamiform, with the edge upward. 

Inferomarginals without distinct lateral and ventral faces, but 
forming a steeply sloping side to ray when viewed from below. 
The plates are slightly arched, so that the bevel is rounded. Be- 
ginning with the second or third plate is a row of sharp, prominent, 
flattened spines (slightly larger than superomarginal) extending 
nearly to tip of ray. The first 3 to 6 plates bear a similar smaller 
spine spaced from the lower end of the plate one-fifth to one-third 
width of plate. Exceptionally a proximal plate bears a small spine 
midway between the 2 series. The surface of plate is covered with 
spaced squamules, the edge directed upward, becoming closer and 
overlapping on the edge of plate. Beyond the proximal third of 
ray the inferomarginals exceed the superomarginals in height when 
viewed from the side. 

Terminal plate stouter than in gotoi, nearly as long as wide, 
notched on the proximal border, and with 3 short tubercular spines 
on the end. It is sometimes ovoid in cohtour. 

Actinal intermediate plates extending to ninth inferomarginal or 
a little over half the length of ray. There is exceptionally an un- 
paired plate behind the mouth plates, but no odd interradial series. 
The interradial areas are poorly developed, possibly owing to the 
small size of the specimen. The plates bear spaced groups of 2 to 6 
clavate, pulpy papillae. 

Adambulacral plates with an angular furrow margin and an 
armature consisting of 6 or 7 compressed, blunt furrow spines, the 
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median with edge to furrow, and 8 or 10 mfch shorter, clavate and 
thick, pulpy, papilliform subambulacral spines, in 2 series, and uni- 
form with the intermediate spines or spinelets. The armature is 
very similar to that of goto, but is a trifle shorter. The first adam- 
bulacral is much compressed with 18 to 20 spines in 2 closely ap- 
pressed transverse series. 

Mouth plates similar to those of gotoi in form and armature. 
There are 4 prominent flat truncate spatulate teeth at the inner 
angle of the combined plates, a wide median suture, and along the 
surface of each plate a double series of spines to the outer end, 
those of the inner or superficial series being subglobular to clavate, 
and the marginal spines being smaller and strap-shaped, closely ap- 
pressed against the superficial spines, and of equal length. The 
marginal series extends to the outer end of plate, although the outer 
spines are widely spaced. In the foregoing species the marginal 
spines are considerably shorter than the superficial, which are less 
stubby, and the series does not occur on the outer fourth of the 
plate. On some plates of the present species it is lacking on the 
outer fourth, so that the character is of little value for specific 
distinctions. 

Madreporic body small, a little over its own diameter from mar- 
ginal plate, with a few coarse transverse (interradial) striae. A 
large paxilla stands at the adcentral side. 

Type.—Cat. No. 30518, U.S.N.M. 

Type-locality—Station 5632, south of Batjan Island, Molucca 
Islands (lat. 1° S.; long. 127° 50’ E.), 845 fathoms. 

Distribution—Known only from the type-locality. 

Specimens examined.—Iwo; the type and specimen from station 
5631, same locality, 809 fathoms, green mud. 

Remarks.—While this species in a general way resembles Ps. goto 
from off Luzon, it differs very markedly in the structure of the mar- 
ginal plates and their armature, and in having smaller, less close-set 
paxillae, and shorter actinal spines generally. The less extensive 
distribution of actinal. intermediate plates of the present form may 
be due to its immaturity. This point can not be settled. That 
robustus is not the young of gotoi seems amply demonstrated by the 
presence of a specimen of the latter having R 27 mm. The dif- 
ferences hold good with the exception that in the small example 
of gotot the lower series of inferomarginal spines extends only half 
the length of ray. Consequently in large specimens of robustus it 
may eventually be found that the lower inferomarginal series is much 
more extensive. The absence of a second series of superomarginal 
spines and of naked areas on the marginal plates will separate 
robustus from agassizi. The presence in agassizi of a well-marked 
ventral face to the inferomarginals is also an important difference. 


106 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 


The distribution of the inferomarginal spines together with the 
presence of enlarged teeth will separate this form from any species 
classified by Sladen under Psilaster. 

Psilaster gotoi and Ps. robustus, as well as the following unnamed 
species belong to Koehler’s genus Phidiaster. The characters of 
these species demonstrate that the structure of the superomarginals 
varies greatly. The superomarginals may be very narrow dorsally 
(pectinatus), or conspicuously broad (agassizi, robustus), or medium 
broad (gotoz). They may have 1 series of spines (gotoi, robustus, 
pectinatus), or 2 series (agassizi), or none (the following form). 
The size and armature does not seem to be of generic value. The 
inferomarginals vary also from having only 1 complete series to those 
having 2. In typical Psilaster the spines form usually transverse 
combs and are sometimes so placed as not to form also longitudinal 
series along the ray. But I have a specimen of Psilaster florae, a 
typical Psilaster, in which the spines form both transverse and longi- 
tudinal series, not all of the latter completed. In Ps. pectinatus, and 
exceptionally in robustus, the proximal plates may have 3 spines in 
a transverse series, or to put it differently, an intermediate longi- 
tudinal series is present. These 3 spines approach the condition of 
typical Psilaster, such as Ps. florae. The difference is one of number 
only. Ps. pectinatus, in regard to the disposition of the inferomar- 
ginal spines, presents an intermediate stage between Ps. florac and 
Ps. agassizi and Ps. gotoi. The presence of 2 closely appressed 
rows of spines on each mouth plate is common to typical Psilaster 
and Phidiaster, but in the latter the 4 inner teeth of the combined 
mouth plates are larger and are directed horizontally into the 
actinostome, a condition found also in Ps. gracilis (not otherwise 
like Phidiaster). Ifthe inner teeth of Pszlaster florae are bent down- 


ward so as to le horizontally they are seen to be larger than the ° 


other mouth spines, although not quite so large as in Phidiaster. But 
Ps. pectinatus, otherwise like Phidiaster, has the teeth like Psilaster. 
Even here, therefore, the difference is rather one of degree, for the 
armature in arrangement is strikingly alike in the two groups. I 
have merged Phidiaster with Psilaster because the characters separat- 
ing the genera are either variable or connected by intergrades. ‘The 
extreme types, however, are easily enough separated, and Phidiaster 
will make a convenient subgenus whenever one is needed. 


PSILASTER, species. 


Station 5605, Gulf of Tomini, Celebes, 647 fathoms; 1 specimen. 

This specimen, which has R 14 mm., is nearest Ps. robustus, but 
lacks entirely superomarginal spines and has less massive marginals 
and wider paxillar area. The terminal plate and inferomarginal 
plates and armature closely resemble those of robustus. Furrow 
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spines, 5; subambulacral and intermediate spinelets granuliform; 
teeth very large. 

This is perhaps a young robustus, but, owing to the absence of 
superomarginal spines and the smaller size of the plates, the speci- 
men has been listed separately. 


Genus ASTROMESITES Fisher. 
Astromesites FisHrr, 1918a, p. 611. Type, A. compactus Fisher. 


Diagnosis —Resembling Persephonaster and Psilaster in form, 
but differing from them and resembling Leptychaster and Blakiaster 
in the armature of the adambulacral and mouth plates, and espe- 
cially in the possession of an odd interradial series of actinal inter- 
mediate plates. Differing from 2laktaster in having the abactinal 
plates compact and independent true paxillae, and in having well- 
developed marginal fascioles. Marginal plates massive, the infero- 
marginals with an appressed comb of slender spines; superomar- 
ginals unarmed; paxillae large, flat topped, crowded; actinal inter- 
mediate plates extending in a single series far along ray; adambu- 
lacral plates with an angular furrow margin bearing a divergent 
group of 5 to 7 spines and numerous subambulacrals, as in Lepty- 
chaster; mouth plates with extensive convex surface; 3 series of 
crowded suborals, graded in length from the straight, even furrow 
series of long spines, which are graduated toward 2 inner teeth; 
no sharp-angular furrow series as in Perseptonaster; disk small, 
rays stout, rather slender; actinal interradial areas small, the inter- 
mediate plates extending two-thirds the length of ray. 


ASTROMESITES COMPACTUS Fisher. 


Plate 19, fig. 1; plate 24, fig. 3; plate 25, fig. 2; plate 26, fig. 2; plate 31, fig. 4; 
plate 35, figs. 2, 2a-—d. 


Astromesites compactus FisHErR, 1913a, p. 611. 


Diagnosis—R=78 mm., r=17 mm., R=4.6 r; breadth of ray at 
base, 20 mm. Disk small, rays narrow but stout, tapering regularly 
to a pointed but not attenuate extremity; sides of ray fairly high, 
rounded; marginal plates massive; interbrachial angle abruptly 
rounded; paxillae large, crowded, with numerous short, crowded, 
blunt spinelets; superomarginals unarmed; inferomarginals with 
lateral comb of 4 to 6 appressed spines; marginal fascioles rather 
deep, abrupt, and narrow; furrow series angular, of 5 to 7 spines; 
mouth plates with straight, numerous furrow series, and 3 series of 
suborals; interradial areas small, an odd interradial series of inter- 
mediate plates, and a single series far along ray; no pedicellariae. 

Description —Paxillar area compact, narrow, about 1.75 width of 
superomarginal plates, except at extremity of ray, where it is nar- 
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rower. Paxillae large, crowded, nearly flat topped, arranged on the 
rays in slightly curved, transverse series, the regularity of which is 
interrupted proximally and distally along median radial lines. At 
base of ray 8 rows correspond to 1 superomarginal. The largest 
paxillae are on the disk about two-thirds distance from center to 
inner edge of marginals, and on the proximal fourth of ray on a 
broad radial area. The paxillae decrease in size very gradually 
toward center of disk, periphery of area, and end of ray. They have 
the appearance of being fairly uniform in size. The larger paxillae 
have 15 to 20 peripheral and 10 to 12 central, very short, almost 
granuliform, round tipped, minutely prickly spinelets. Owing to 
their crowded disposition the crowns of the paxillae vary from sub- 
circular to polygonal. 

The dorsal plates or bases of paxillae, are elliptical with 4 to 6 
incipient lobes, so that the plates may appear somewhat 6-sided, 
though longer than wide. On the median radial area, where there 
are no papulae, the plates vary from elliptical and lozenge shape to 
broadly oval, and are close-set or proximally even slightly overiap- 
ping. On the papular areas of outer part of ray the plates are quite 
independent, but on disk and proximal portion of ray they touch 
by the incipient lobes. The plates are true paxillae, as the shaft is 
constricted in the middle—that is, flares at top and bottom. Papulae 
small, six about a plate, but absent from a median radial band, where 
the plates are elongate and crowded. 

Marginal plates very massive. Superomarginals unarmed, en- 
croaching conspicuously upon paxillar area, 34 in number, and form- 
ing a well-rounded border to abactinal surface. The plates are wider 
than long and there is a distinct abactinal and lateral face to each. 
The plates are separated by abrupt, rather deep, fascioles, narrower 
than the intervening ridges, and more like those of Psilaster than 
the more or less abortive V-shaped grooves of Persephonaster and 
Blakiaster. Vhe exposed surface of this ridge is slightly tumid, espe- 
cially on the outer part of ray and the summit of the ridge is near 
the distal margin, as in such species of Persephonaster as curyactis 
and luzonicus. 

Exposed surface of plate covered with rounded, nearly flat 
granules, which gradually are transformed into slender spinelets of 
the fasciolar grooves. Terminal plate subovoid with 3 stubby spine- 
lets on the end. 

Inferomarginal plates opposite superomarginals, except some- 
times on outer part of the ray, and with a rather broad rounded 
actinal surface passing imperceptibly into the lateral. They do not 
extend laterally beyond superomarginals. Rather deep fascioles sep- 
arate the plates, which, on the tumid outer end, are armed with a 
vertical oblique comb ef proximally 6, distally 4, appressed, slightly 
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curved, sharp spines, of which the central 2 or 3 are the longest (at 
middle of ray, equaling the width of plate). Spaced from these, on 
the actinal surface of the first 10 plates, are 2 shorter, flattened, ap- 
pressed spinules and on the succeeding 4 or 5 plates, 1 such spinule, 
situated near the distal margin. The general surface is covered with 
spinelets, short, truncate and granuliform on center, becoming much 
longer and slenderer on the sides, and very delicate in the furrows. 

Actinal interradial areas small; intermediate plates small, arranged 
in series parallel to furrow, and also parallel to interradius. There 
is an odd interradial series of 5 intermediate plates, of which the 
innermost plate belongs to the second longitudinal series, since the 
proximalmost plates of the first longitudinal series are paired; that 
is, a pair of plates is opposite the outer end of the mouth plate and 
from these a single odd series proceeds interradially to the suture 
between the first inferomarginals, as in Blakiaster, Leptychaster, 
and other genera. Opposite the second adambulacral is a series 
parallel with the interradial which does not reach the inferomar- 
ginal. The next two extend from the third and fourth adambulacrals 
to the first inferomarginal. The number of plates in these inter- 
radial series decreases rapidly, so that opposite the third inferomar- 
ginal there are 2 series of 2 plates each. Thence a single longitudinal 
series of intermediate plates extends to two-thirds the length of ray 
(to twenty-first inferomarginal). The plates imbricate, are convex, 
and are covered by a paxilliform group of about 10 blunt, cylindri- 
cal clavate, central spinelets and as many slender, tapering periph- 
eral ones. About a dozen plates in center of interradial area have 
each a slender, flat, sharp, appressed spinule, about as large as the 
actinal inferomarginal spinules. 

Adambulacral plates oriented obliquely with a distinct angle pro- 
jecting into furrow, and with an armature of the same type as that 
of Leptychaster. Furrow spines, slender, blunt, 5 to 7, of which that 
on the apex of margin is longest and most compressed, the rest de- 
creasing regularly in length. Sometimes one or both lateral spines 
are crowded back from the furrow, leaving 5 or 6 instead of the 
maximum number of 7 furrow spines. Twelve or 14 shorter 
spines stand on the surface of the plate; about 3 of them are just 
back of the furrow series, and the remainder (more crowded and 
much shorter) are on outer part of plate. Sometimes the subambu- 
lacral spines arrange themselves in 3 longitudinal series, with 1 spine 
out of order back of the furrow series. 

Mouth plates rather large and prominent actinally, and with an 
armature unlike that of Persephonaster, but more like that of Lepty- 
chaster and Blakiaster. There is no angular or fasciculate group 
of spines belonging to the marginal series between the base of the 
tooth and peristome. Marginal series, bordering furrow, rather long, 
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even, fairly straight, composed of 11 spines of which the inner is flat- 
tened, oblong, blunt, 2.6 mm. long and directed upward, away from 
the mouth. The next is a little shorter and slenderer, while the suc- 
ceeding 9 are of nearly uniform length, except the outermost 1 or 
2 which are shorter, and are nearly as long as second tooth. They 
are narrow’, strap-shaped, compressed and blunt, and are like the mar- 
ginal spines of Psilaster, only longer, being appressed against the in- 
termediate spines. This series is continued along the lateral sutural 
margin by a dozen smaller spinelets. The short stubby suboral spine- 
lets are arranged in about 3 series on each plate, only that adjacent to 
median suture reaching the teeth. The spines on the inner end of 
this series are rather thick and blunt, and the whole suboral arma- 
ture has the appearance of being crowded and graduated in length 
from the marginal series to the outer end of the plates where the 
spinelets are like those of the adjacent intermediate plates. 

Madreporic body small, 2.5 its own diameter from marginal plates 
and crossed by rather coarse, irregular, transverse ridges and fine 
striae. ‘ 

Tube feet pointed, without deposits; strong superambulacral 
plates; marginal coelomic pockets as in Persephonaster; gonads in- 
terradial. 

Type—Cat. No. 30519, U.S.N.M. 

Type-locality Station 5289, Verde Island Passage, north of Min- 
doro (lat. 18° 41’ 50’ N.; long. 120° 58’ 30’’ E.), 172 fathoms, 
broken shells, sand; 1 specimen. 

Distribution—Known only from off southern Luzon, 172 to 210 
fathoms. 

Specimens examined—The type and 1 specimen from station 
5296, China Sea, vicinity of southern Luzon, 210 fathoms, mud and 
sand. 

Remarks.—Astromesites. differs from Persephonaster, Psilaster, 
and Bathybiaster in having an odd interradial series of actinal in- 
termediate plates. It differs further from Persephonaster in lacking 
the latter’s characteristic angular marginal series (or fasciculate 
group) of oral spines, and in having an angular series of furrow 
spines, rather than a comb; from Psilaster in having broader mouth 
plates with numerous, crowded suboral spines in more than 1 series, 
an angular (not pectinate) furrow armature, and in lacking the 
thick, fleshy, actinal spinelets; from Bathybiaster in lacking lobes 
on the abactinal plates, fleshy actinal spinelets, and in having a 
different type of dental and marginal armature. Astromesites agrees 
- with Blakiaster and Leptychaster in having the odd interradial 
series of actinal intermediate plates, and the same type of adambu- 
lacral armature. It differs from Blakiaster, however, as indicated in 
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the diagnosis, and from Leptychaster in having armed inferomargi- 
nals of the type of Psilaster and Persephonaster. I should be in- 
clined to rank Astromesites with Blakiaster were not the abactinal 
plates wholly different. 


Genus PERSEPHONASTER Alcock. 


Persephonaster Woop-Mason and Axcock, 1891, p. 480. Type, P. croceus. 
Psilasteropsis FisHErR, 1906, p. 10238. Type, Ps. cingulata Fisher. 


KEY TO THE SPECIES OF PERSEPHONASTER HEREIN DESCRIBED. 


a*, Marginal plates broad and conspicuous, the inferomarginals forming a wide 

bevel to actinal surface and bearing, on the outer tumid end, which pro- 

jects laterally beyond superomarginals, a prominent comb of slender 

spines, covering, at least proximally, a second smaller parallel comb; 

superomarginals with a transverse series 9f appressed spines or spinules. 

b*. With several spines on the actinal surface of inferomarginals in addition 
to the lateral comb. 

c*, Rays broad and petaloid, abruptly narrowed to a very attenuate ex- 
tremity; paxillar area broad; actinal intermediate plates extending 
fully two-thirds the length of ray, and larger; inferomarginal plates 
wider; superomarginal spines more prominent and numerous. 

euryactis, p. 112. 

c*, Rays narrower, evenly tapered; paxillar area narrower; actinal inter- 
mediate plates extending a little over one-half length of ray, and very 
small distally; inferomarginals narrower; superomarginal spinules 


ENCON SMI CUOUSE Sere ee ” Ais 3 Lem Sela veh Li ee a luzonicus, p. 118. 
b*. Only the lateral comb of inferomarginal spines (except on first 3 or 4 
ROUEN) eee Ome hee Le et NSU ae ee TL GY anchistus, p. 117. 


a’. Marginal plates massive, but not especially broad, the side of ray vertical; 
rays slender, more or less attenuate at tip; second lateral comb obsolete; 
superomarginals unarmed or with single spine, not a transverse series. 

b*, Superomarginals not conspicuously tumid and without special spine; no 
abactinal pedicellariae independent of paxillae___________ tenuis, p. 121. 

b*. Superomarginals tumid, with a single spine, forming a straight series 
along ray; among the paxillae low plates bearing fasciculate pedicel- 
lariae independent of paxillae; no erect lateral spine above the infero- 
marginal comb. 

c*, Superomarginals very tumid with the transverse ridge situated at mid- 
dle of plate, and evenly rounded from inner to outer edge; furrow 
spines 9; marginal fan of oral spines, 5 or 4, not prominent. 

multicinetus, p. 128. 

c*?. Superomarginals less tumid and with the transverse ridge situated be- 
tween center and distal margin of plate; an appreciable angle between 
the dorsal and lateral surfaces; inferomarginals broader, with less 
crowded, slenderer squamules; furrow spines 7 or 8; marginal fan 
Of mouth spines!d tol’, prominenth=22* ese. suluensis, p. 125. 

b*. Marginals tumid, the inferomarginals being narrow and provided usually 
with an erect conical spine at upper end of plate, above the appressed, 
longer spines of the lateral comb; superomarginal spines in a single 
series along ray, passing from the inner edge of plate toward outer, 
Giterebner nt tis plates. a nee EE 8 ues monostoechus, p. 134. 
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a*, Marginal plates not massive, the superomarginals being small, squarish, 
and tumid, with a spine near center, and sometimes on the outer part of 
ray more than 1; the inferomarginals narrow but with a well-marked 
actinal face; rays depressed; paxillae rather spaced and delicate. 
b*. Rays broader; inferomarginals at base of ray about two-thirds to three- 
fourths as long as wide; no actinal series of spinules; more than 1 
series of suboral spines, the mouth plates as a whole larger; marginal 
and subambulaecral fasciculate pedicellariae; furrow spines 6 or 7. 
oediplaz, p. 127. 
bd”. Rays slenderer; inferomarginals narrower, the width not exceeding 
length, except on first 2 plates; 2 or 8 uctinal inferomarginal spinules 
proximally, in addition to lateral comb; ouly 1 series of suboral spines; 

no marginal or adambulacral pedicellariae; furrow spines 5 or 6. 
habrogenys, p. 181. 


PERSEPERONASTER EURYACTIS Fisher. 


Plate 24, fig. 4; plate 25, fig. 4; plate 30, fig. 5; plate 35, figs. 1, la—d; plate 36, 
fig. 1. 
Persephonaster euryactis FISHER, 19134a, p. 618. 

Diagnosis —R=92 mm., r=23 mm., R=4 r; breadth of ray at 
base, 24 to 26 mm. Rays depressed, broadly lanceolate, abruptly 
constricted near tip into a very attentuate, sharp extremity; inter- 
brachium abruptly rounded-angular; superomarginal plates broader 
than long, and after the first half dozen, confined to abactinal sur- 
face; each tumid plate with a transverse, appressed comb of 3 to 7, 
flat, sharp spines; inferomarginals much broader than long, the 
outer tumid end bearing a comb of about 5 prominent, sharp spines; 
proximal plates with a second lateral comb of 3 to 5 spines covered 
by the first; curved furrow comb of 6 or 7 rather long spines; sub- 
ambulacrals proximally about 6 in a single irregular series; actinal 
intermediate plates extending two-thirds length of ray. 

Description —Paxillae medium-sized, low, arranged in slightly 
oblique transverse series on rays, meeting a narrow radial area of 
irregularly arranged paxillae and a circular area on center of disk. 
Largest paxillae on disk are found interradially at about the middle 
of r, while on the rays the largest are in the lateral series near the 
radial line, although there is not much difference in size. At base of 
ray 6 or 7 transverse series correspond to 2 superomarginals. The 
spinelets usually stand erect in a compact flat-topped roundish group 
causing the paxillae to be spaced about one-half their diameter apart. 
Whenever the spinelets radiate the paxillae at once appear larger 
and closer together, even touching. Fifteen to 20 peripheral and 
10 to 15 central slender, terete, blunt spinelets, longer than the 
stout pedicel compose the crown of the larger paxillae. Many of 
the paxillae bear a central fasciculate or pectinate pedicellaria con- 
sisting of 4 to 8 jaws, considerably stouter but not much longer 
than the regular spinelets. There are several giant paxillae on the 
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disk, with upward of 60 or even more spinelets, and usually a central 
pedicellaria with 6 or 8 jaws. These may represent the primary 
apical plates. 

Dorsal plates or bases of paxillae, broadly elliptical or subcircular, 
with 4 to 6 shallow notches on border. Papulae 6 about a plate, but 
absent from a narrow radial streak and center of disk. 

Marginal plates massive. Superomarginals, 40 to a ray, are broad 
and tumid both as regards the cross and longitudinal axes, and are 
confined to the abactinal surface beyond the first half dozen plates. 
Proximally the plates are higher than wide, but they soon become 
much wider than high, and form a tumid raised border to the 
paxillar area. Inferomarginals extending laterally beyond the su- 
peromarginals. On the highest part of the plate, near the distal 
margin, is borne a transverse appressed comb of proximally 4 to 7 
and distally 3 to 5, flat, sharp spines, the median or outer admedian 
usually the longest and about equaling the length of plate. On the 
proximal! plates there is usually a second series of shorter spines 
just adorally to the first, which, farther along ray, are represented 
by several unequally enlarged, sharp, squamiform spinelets. The 
median transverse area of the plate is covered with closely appressed, 
acute, ovate squamules, which are rapidly transformed, toward the 
margins, into erect terete papilliform spinelets. 

Inferomarginal plates much wider than long, and with an extensive 
sloping actinal face, forming a prominent, slightly arched, beveled 
border to the actinal surface, the outer end of the plate being rounded, 
tumid, and projecting beyond the superomarginals. The width of 
a plate about equals the length of 2. The armature consists of a lat- 
eral comb of proximally 5 and distally 4 or 5 long, slender, sharp, 
slightly curved spines on the outer end of the plate, the next to the 
lowest, or the lowest being the longest; or the 3 lowermost are sub- 
equal and equal to the length of 2.5 inferomarginal plates. Con- 
tinuing this series along the distal margin toward the inner end of 
the plate are proximally 4 or 5 and distally 2 or 3 sharp, appressed, flat: 
tened, much shorter spines. Proximally this series reaches nearly to 
inner end of plate, but on the distal half of the ray the inner half of 
the plate is free from spines. In addition to these, the plates of the 
proximal half of the ray have a second comb of lateral spines parallel 
to and covered by the outer comb. This is a variable feature and is 
well developed only on the first 10 plates, but a remnant of the series 
in the form of a single spine continues nearly to the end of ray. 
There are usually 3 to 5 spines (considerably shorter than the other 
lateral spines) and several shorter spinules. The surface of the plate 
is covered with medium-sized, ovate or obovate imbricating, appressed 
squamules, with broad rounded ends. They are specialized into a 
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series of short pointed spinules just adorally to the series of lateral 
spines. 

Terminal plate small, rather oblong, with a small notch on the 
proximal end and a tuft of 5 or 6 small spines on the distal end. 
Surface covered with small lanceolate squamae. 

Actinal interradial areas small, owing to the breadth of infero- 
marginals. Intermediate plates exending in a single series to twenty- 
second to twenty-fourth inferomarginal or two-thirds the length of 
ray, but beyond the middle they are very small. <A second series of 
small plates reaches the sixth or seventh inferomarginal. In a trans- 
verse series between the first adambulacral and first inferomarginal 
are 5 or 6 small plates. The plates are spaced and bear paxilliform 
groups of 8 to 12 papilliform spinelets, and a few plates in the inter- 
radial region bear also a central tapering sharp spine 2 or 3 times as 
long as the spinelets. 

Adambulacral plates shghtly wider than long, with wide sutures 
between. Furrow margin angular, bearing a comb of 6 or 7 long 
slender compressed round- or squarish-tipped spines, the central 2 or 
3 slightly the longest and with edge to furrow, the laterals with flat 
side thereto. The longest spines, at base of ray, equal 1.5 adambulacral 
plates in length or 1.3 inferomarginals, counting the intervening 
sutures in each case. Subambulacral spines proximally about 6, un- 
equal, slender, tapering and swollen by membrane, shorter than the 
furrow spines and arranged in usually a single irregular series. 
Farther along ray the number increases to about 10 short, papilli- 
form spinelets, in 2 series. On the outer part of ray they are no 
longer than the inferomarginal spinelets, but, of course, slenderer. 
The first plate is compressed, but still with a furrow comb of 6, and 
upward of 15 subambulacrals. 

Mouth plates prominent actinally and with the typical Persepho- 
naster type of armature. First there is a pair of stout, long, lanceo- 
late or oblanceolate teeth; between the base of these and the peristome 
on either side is an oblique double row, or angular group, of 8 or 10 
short, flattened, blunt spines, resembling a pectinate or fasciculate- 
pectinate pedicellaria. These are part of the furrow or marginal 
spines, and are continued along the side of the plate, adjacent to first 
tube foot, in a series (on the same level with the teeth) of|5 or 6 stouter, 
spatulate spines, forming a palmate group, but smaller in every way 
than the first adambulacral furrow series. On either side of the 
broad median suture is a series of about 12 to 15 broad, flat, leaf- 
like spines, the pair just back of the mouth spines being enlarged, and 
the outermost of the series smaller and more clavate. Between this 
series and the marginal, and extending far beyond the latter to the 
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outer end of plate, is an intermediate series of smaller flattened papil- 
liform round-tipped spinelets, also decreasing in size outward. 

Madreporic body small at the middle of the minor radius, but 
nearer edge of paxillar area than center of disk. Striae small, radiat- 
ing, irregular. 

Type—Cat. No. 30520, U.S.N.M. 

Type-locality—Station 5297, Verde Island Passage, off Batangas 
Bay, Luzon (lat. 18° 41’ 20’ N.; long. 120° 58’ E.), 198 fathoms, 
mud and sand; 2 specimens, 

Distribution—The typical form is known only from the type 
locality. 

Remarks.—tin the shape of the ray this species is like P. coelochiles 
Alcock (Andaman Sea, 230 to 250 fathoms), but lacks the stout, erect, 
superomarginal spine, and has the abactinal plates irregular along 
the radial line. The inferomarginal plates of ewryactis are wider, 
and in coelochiles the second series of actinal intermediate plates ex- 
tends far along the ray. The actinal accessory inferomarginal spines 
are lacking in coelochiles. P. misakiensis Goto is a closely related 
species. 


PERSEPHONASTER EURYACTIS BREVISPINUS, new subspecies. 
Plate 24, fig. 2; plate 25, fig. 3; plate 30, fig. 2; plate 36, figs. 2, 2a. 


Diagnosis ——Differing from the type form in having fewer and 
shorter superomarginal spines, which are usually lacking on the 
first 5 or 6 plates, pedicellariae with slenderer jaws, and subambu- 
lacral spines in 2 rows throughout the ray. R=73 mm., r=19 mm. 
R=3.8-tr. 

Description—The general appearance is closely similar to that of 
the type form, especially in respect .to the size of disk and shape of 
ray. The paxillae are similar but the pedicellariae are not quite so 
numerous and the jaws are little if any stouter than the spinelets. 
Superomarginal plates with only a tuft of inconspicuous spinules, 
with 1 to 8 enlarged, but much shorter than the plate. Inferomar- 
ginals with the second lateral series of spines usually well developed 
and not reduced to a single spine until past the middle of ray, but 
this is rather variable, for a specimen from station 5550 (referable 
probably to a distinct forma of this race) has the second series less 
well developed than in euryactis. The actinal continuation of the 
primary lateral series consists of from 5 to 3, and finally 2 spinules, 
practically as in the type form. Furrow spines usually 7, and the 
subambulacrals in 2 series at the base of ray as well as on the outer part. 
Most of the actinal intermediate plates of the disk, adjacent to adam- 
bulacrals, bear a group of 6 or 8 tapering, blunt papilliform, or 
sharper, spinelets forming a fasciculate pedicellaria, more marked 
than in euryactis. 
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Anatomical notes.—More specimens of brevispinus being available 
than of the type form, it has been used for dissection. 

Stomach eversible, with a single chamber, a circle of small gland- 
hike out-pouchings of the dorsal surface representing perhaps the 
rudiment of the dorsal stomach. Hepatic coeca rather short, reach- 
ing about as far as seventh superomarginal plate; intestinal coeca 
conspicuous, and shaped somewhat like a butterfly, the intestine 
being where the body of the butterfly would be, and the 4 wings being 
represented by symmetrical divisions of the coecum. Anal aperture 
small. The greatest diameter of coecum equals about one-half r. A 
strong muscle proceeds downward from the base of the hepatic coe- 
cum and is attached to the first 3 ambulacral ossicles. Another pro- 
ceeds from the fifth ambulacral ossicle and dividing into several 
branches is attached to the wall of the stomach, below the coeca. 
There are 10 of each of these. (Gonads interradial, there being 
a single tuft depending from the dorsal integument on either 
side of the membranous interbrachial septum. Tube feet pointed, 
but with a small button; ampullae strongly double; Polian vesicles 
one in each interradius, except that of madreporic body, where there 
are 2. They are of an unusual form, having a narrow proximal neck 
and an enlarged distal kidney-shaped portion, around the edge of 
which are many simple or divided fingerlike coeca. Superambu- 
lacral plates well developed, absent from first 3 ambulacral plates. 

Between the superomarginal and inferomarginal plates a series 
of tubelike diverticula of the coelom proceed horizontally toward the 
outside. The position of each diverticulum is where the transverse 
edges of 2 superomarginals and 2 inferomarginals meet, and the 
largest pore is the interradial one, while the others decrease in size, 
being quite small on the outer part of the ray. The outer end of the 
pore has a corresponding position with reference to the 4 plates. It 
ends blindly against the skin, but I have not been able to demonstrate 
a papula, although from the inside the passages have the appear- 
ance of papular pores. A natural supposition would be that they in- 
dicate where papulae once existed. In Persephonaster oediplax the 
pores are proximally still larger but no papulae can be discovered. 
The same pores exist in Psélaster. 

Type.—Cat. No. 87002, U.S.N.M. 

Type-locality Station 5289. Verde Island Passage, north coast of 
Mindoro (lat. 18° 41’ 50’’ N.; long. 120° 58’ 30’’ E.), 172 fathoms, 
shells, sand. 

Distribution—Balayan Bay, Luzon, and vicinity, and near Jolo 
Island, 172 to 258 fathoms. Apparently this variety lives on harder 
bottom than the type form. 

Specimens examined.—Six; 3 from type-locality and 1 from each 
of the following stations: 
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Station 5290, near type-locality, 214 fathoms, lava, gravel. 

Station 5365, Balayan Bay, Luzon, 214 fathoms. 

Station 5550, vicinity of Jolo Island, 258 fathoms, fine sand, shells, 
bottom temperature 52.3° F, 


PERSEPHONASTER ANCHISTUS Fisher. 
Plate 26, fig. 83; plate 27, fig. 2; plate 36, figs. 4, 4a-d. 
Persephonaster anchistus Fisver, 1918a, p. 614. 


Diagnosis—Similar to P. euryactis, but with slightly slenderer 
rays which taper evenly on the outer part to an attenuate extremity; 
actinal inferomarginal spines lacking except on the first few plates; 
superomarginal spines lacking on first 3 to 5 plates, and distally 1 
to 3 in number; lateral comb of spines as in euryactis, but the second 
comb very poorly developed, usually represented by a single spine, 
behind one of the top spines of the first comb; paxillae arranged as 
in euryactis and of about the same size, but with slightly longer 
spinelets; abactinal pedicellariae numerous, with jaws only slightly, 
sometimes not any, thicker than the surrounding spinelets; subam- 
bulacral spines slightly more numerous than in euryactis, in 2 or 3 
longitudinal series). R=143 mm., r=34 mm., R=—4.2 r; breadth of 
ray at midinterbrachium, 34 mm. 

Description.—The spinelets of paxillae usually stand erect, forming 
a flat-topped, compact 4-sided or rounded group. A rather large 
paxilla has 15 to 20 slender terete, blunt peripheral spinelets and 8 
to 12 central ones, of which 3 or more are often slightly swollen and 
curved to form the jaws of a fasciculate pedicellaria. Abactinal 
plates elliptical, but with slightly undulating margin—not quite so 
obviously nicked or scalloped as in euryactis. 

Superomarginal plates, 48 to a ray in the type, have the same pro- 
portions as in euryactis, and the type has usually 3 spines in a simi- 
lar position except on the first 2 to 4 plates. Sometimes there are 4 
or 5 spines. The central is the largest, and proximally is about as 
long as the plate, but distally is one and a half times. The specimen 
from station 5116 has usually only 1 spine not so long as its plate. 
The general covering of the plate is similar to that of euryactis. 

Inferomarginals about the same proportions as in euryactis, but 
lacking the actinal continuation of the lateral comb except on the 
first 2 to 6 plates where actinal spines occur irregularly. This dif- 
ference is the most striking one between euryactis and anchistus. 
The lateral comb has proximally 4 or 5 prominent appressed spines 
and distally 2 to 4. Underneath these there is often a single spine, 
the rudiment of the second lateral series. In the type the squami- 
form spinelets are much as in euryactis, though.in the specimens 
from Balayan Bay they are much slenderer and pointed not truncate 
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or round tipped. Similarly the superomarginal squamules of these 
specimens are slenderer. 

Actinal intermediate plates extending two-thirds the length of 
ray in a single series; and in a double series as far as the eighth 
inferomarginal of type, and fifth of cotype (station 5116). The type 
seems to lack actinal intermediate pedicellariae, but a few are present 
in the cotype, next the proximal adambulacral plates. 

Adambulacral armature similar to that of ewryactis, but differing 
slightly in having more subambulacral spines. Proximally there 
are 8 or 10 in 2 series with the beginning of a third, and distally 
there are 12 to 14, in 3 irregular series, or without very definite serial 
arrangement. J urrow spines 6 or 7 in type, 7 or occasionally 8 in 
cotype, compressed, long, round-tipped or dully pointed. The mouth 
plates do not show any marked points of difference. 

Color in life: “Salmon color” above, below very light (specimen 
from station 5111). 

Type.—Cat. No. 30521, U.S.N.M. 

Type-locality—Station 5301, China Sea, vicinity of Hongkong 
(lat. 20° 37’ N.; long. 115° 43’ E.), 208 fathoms, gray mud, sand, 
bottom temperature 50.5° F. 

Distribution.—Vicinity of Hongkong to southern Luzon, 200 to 
236 fathoms. 

Specimens examined.—The type, and 1 specimen from each of the 
following stations: 

Station 5111, Balayan Bay, Luzon (18° 45’ 15’” N.; 120° 46’ 30’” 
E.), 286 fathoms. 

Station 5116, same locality, 200 fathoms, bottom temperature 
50.2° F. 

Remarks.—Persephonaster anchistus is very close to P. euryactis, 
but the difference in the inferomarginal armature is constant. The 
specimens from Balayan Bay have the additional difference of pos- 
sessing slender, pointed, inferomarginal spinelets. 

Through lack of specimens it has not been possible to decide sat- 
isfactorily the status of this species. It is one of those exasperating 
forms which presents a close similarity to another species, yet has an 
obvious difference, the value of which it is not practicable to test 
rigorously on account of insufficient material. 


PERSEPHONASTER LUZONICUS Fisher. 
Plate 28, fig. 3; plate 24, fig. 1; plate 36, fig. 8, 3a—b. 
Persephonaster luzonicus FisHer, 1918a, p. 614. 
Diagnosis —Resembling, in armature, P. euryactis brevispinus, but 
with narrower, evenly tapered rays, much narrower paxillar area, 


fairly large compact paxillae having slightly shorter spinelets, nar- 
rower inferomarginal plates, and a shorter series of actinal inter- 
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mediate plates. R=78 mm., r=18 mm., R=4.3 r; breadth of ray 
at midinterbrachium, about 20 mm. 

Description—The most striking difference between this species 
and P. euryactis brevispinus is in the narrower rays, which, instead 
of being rather broad near the tip and then quickly narrowing to 
an attenuate extremity taper gradually from a narrower base. The 
superomarginals are of the same width in the two species, and as 
a consequence the paxillar area is much narrower in luzonicus, its 
width at one-third R from center being one end two-thirds to slightly 
less than twice the extreme width of a neighboring superomarginal, 
and at two-thirds R, about as wide as the superomarginal. In 
euryactis these members are respectively 2.5 or 2.75 and 1.75. 

The paxillae are compact and the transverse series on the rays are 
interrupted along the median line. The paxillae are relatively a 
little larger than in euryactis. An average large paxilla from base 
of ray or interradius has 18 to 25 peripheral and about the same num- 
ber of slightly shorter central spinelets, slender, terete bluntly 
pointed. Pedicellariae are very variable in occurrence. In the type 
they are lacking, or at least very scarce, but in an example from 
station 5329 they are very numerous, occupy the center of the tabu- 
lum and consist of 4 to 6 spiniform jaws a little shorter and stouter 
than the other spinelets. Abactinal plates broadly ellipitical to 
subcircular. 

Superomarginals, 39 or 40. The lateral face is about half as high 
as width of dorsal, and on the well-rounded margin between the two, 
and near the distal edge of plate, are borne 1, 2, or 3 short, flattened, 
sharp, appressed spines. The plate is covered with appressed, 
pointed squamules, which become slender small spinelets around the 
borders of the plate, and especially in the shallow transverse chan- 
nels between the plates. Terminal plate shorter and more ovoid 
than in ewryactis. 

Inferomarginal plates with a lateral comb of about 5 spines very 
similar to those of euryactis, and along the distal margin of the 
actinal surface, are proximally 3 or 4 appressed shorter spines, which 
are reduced distally to 2 and finally to 1. The second lateral series 
is variable but usually fairly well developed, with 3 to 5 spinules 
lying parallel to and under the upper half of the primary series. 
It extends typically farther along the ray than in ewryactis. The 
plates are covered with flat round-tipped squamules, becoming longer 
at inner end of plate and resembling those of ewryactis. 

The actinal intermediate plates, owing to the narrowness of the 
ray, are very small beyond the proximal third or fourth, and al- 
though they extend to the twentieth or twenty-first inferomarginal, 
or a little over one-half the length of ray, they are practically rudi- 
ments attached to the inner edge of the inferomarginals. The inter- 
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radial areas are small. The plates bear groups of rather slender 
spinelets, and in the interradial areas usually a central appressed 
spine, except on the plates adjacent to the adambulacrals, which bear 
sectinate or pectinate-fasciculate pedicellariae with 6 to 10 pointed 
jaws. 

Adambulacral armature similar to that of euryactis, but furrow 
spines 7 or 8, the eighth being usually a shorter spine at the adoral 
end of the series. Proximally there are 8 or 9 subambulacral spines, 
slender, terete, blunt, much shorter than the furrow spines and in 
2 longitudinal series; distally, 10 or 12 similar but relatively a little 
shorter spinules in 2 series, with often the beginning of a third, on 
the outer part of plate. 

The mouth plates do not seem to differ constantly from those of 
euryactis. 

Madreporic body similar to that of ewryactis, situated at middle 
of r; striae numerous, rather fine, raidating from near center. 

Anatomical notes—The only internal features that show a tangible 
difference from those of euryactis are the Polian vesicles and intesti- 
nal coecum. The latter is of the same general! form, but smaller, while 
the former has a larger distal poriicn with fewer coecal appendages. 
Tt is not unlikely that the form varies greatly with the degree of 
expansion of the bladderlike portion, and the size of course would 
vary similarly. 

Type.—Cat. No. 30522, U.S.N.M. 

Type-locality.—Station 5326, off northern Luzon (lat. 18° 32’ 35’ 
N.; long. 122° 01’ E.), 230 fathoms, mud; bottom temperature, 
55.4° F. 

Distribution —Known only from off northern Luzon. 

Specimens examined.—Seven ; 3 from type-locality, and 4 from the 
following stations: 

Station 5325, vicinity of type-locality, 224 fathoms, green mud, 
bottom temperature 53.2° F.; 1 specimen. 

Station 5328, vicinity of type-locality, 150 fathoms, blue mud, bot- 
tom temperature 53.2° F.; 1 specimen. 

Station 5329, vicinity of type-locality, 212 fathoms, blue mud, bot- 
tom temperature 51.4° F.; 2 specimens. 

Remarks.—This species resembles both P. euryactis brevispinus 
and P. tenuis. It differs from P. anchistus in having the actinal in- 
feromarginal spines, and in having narrower rays, narrower paxillar 
area, shorter paxillar spinelets, and a less extensive series of actinal 
intermediate plates on the ray. It is perhaps a little farther removed 
from P. euryactis than is P. anchistus, and it stands about midway 
between euryactis and tenuis. If anchistus and luzonicus are re- 
garded as varieties of euryactis, then it will be difficult to consider 
tenuis more than a variety of luzonicus. The result would be the 





STARFISHES OF THE PHILIPPINE SHAS. 121 


association of very dissimilar forms under one specific name, yet 
notwithstanding this they may each represent but a form of a highly 
pelymorphic species. I know of no way to settle the question with 
the available material. The presence of gaps between the types has 
been my reason for regarding them as separate species. 


PERSEPHONASTER TENUIS Fisher. 
Plate 22, fig. 1; plate 23, fig. 2; plate 30, fig. 1; plate 37, figs. 1, la-d. 
Persephonaster tenuis FisHEer, 1918a, p. 615. 


Diagnosis——A slender-rayed species with blocklike conspicuous 
marginals, which are not markedly tumid as in the “cingulate” 
species such as multicinctus, cingulatus, and roulez; superomarginals 
with slightly wider dorsal than lateral face; lateral face of ray per- 
pendicular, the upper and lower margin evenly and abruptly rounded ; 
superomarginal plates without conspicuous spines; inferomarginals 
narrow, with lateral comb of, proximally, 5 rather short slender ap- 
pressed spines, and 1 actinal spinule on the proximal plates only; 
furrow spines 7 or 8; subambulacrals 4 to 7 proximally, distally 8 
to 10; a few fasciculate adambulacral pedicellariae. R=81 mm., 
r=18 mm., R=4.5 r; breadth of ray at base, 20 mm., at tenth supero- 
marginal, about 11 mm. 

Description.—Paxillar area rather narrow, but superomarginals 
narrower than in luzonicus, so that the area appears wider than in 
that species (although of about the same width). Paxillae arranged 
as in foregoing species and of nearly the same size and shape, being 
low tabulate but with slightly larger and fewer spinelets. <A large 
paxilla from interradial area has about 15 to 18 peripheral and 8 to 
12 central, terete, slender, blunt, or bluntly pointed spinelets, a little 
longer than the low tabulum. Many paxillae have an inconspicuous 
central fasciculate or fasciculate-pectinate pedicellaria with 4 to 6 
spiniform jaws. 

Superomarginals 37, much less tumid than in multicinctus, and 
about as tumid as in duzonicus; dorsal face slightly wider than the 
lateral, the angle between the two evenly rounded. The transverse 
fascioles between the plates are shallow and more abrupt than in 
multicinctus, the tumidity being near the aboral margin and not in 
the middle. Plates covered with very small, slender appressed squami- 
form spinelets, which beyond the middle of ray become enlarged 
into 1 to 3 short appressed inconspicuous spinules. Terminal plate 
slender, subcylindrical, longer than wide, with a conspicuous ter- 
minal spine and a much smaller spinelet on either side. 

Inferomarginals narrower than in luzonicus; lateral face a little 
narrower than that of superomarginals and bearing a slightly ob- 
lique comb of proximally 5, distally 3 or 4, slender, appressed, sharp 
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spines, the lowest but one usually the longest, and the lowermost 
next longest, the former slightly exceeding the plate in length. 
Underneath the upper members of this series, on the first few 
plates, a rudiment of the second comb is usually present and the 
first half dozen plates have a small solitary spinule near the middle 
of the actinal surface and distal margin of the plate—a rudiment 
of the actinal spines of Juzonicus and euryactis. The actinal sur- 
face of the plates is much narrower than in /wzonicus and a trifle 
wider than in multicinctus. The general covering of the plates con- 
sists of appressed, uncrowded, squamules round tipped at base of 
ray, becoming pointed distally. 

Actinal intermediate plates small on the ray, a single series ex- 
tending to the tenth inferomarginal or less than one-third the length 
of ray measured along side. For the length of 5 inferomarginals 
beyond this point the series is continued by a variable number of 
minute rudiments not visible unless the inner end of the inferomar- 
ginals is cleaned of spinelets. In a transverse series between the 
first adambulacral and inferomarginal are 5 small plates. The 
plates bear spaced groups of 4 to 8 lanceolate, papilliform, blunt, 
spinelets, the central one being sometimes enlarged. Several plates 
adjacent to the adambulacrals bear a pectinate or fasciculate-pecti- 
nate pedicellaria with 6 or 8 teeth. 

Adambulacral armature of the type of the foregoing species. 
Furrow comb of 7 or 8 spines, the laterals the shortest, so that the 
end of the fan has a curved contour. Proximal plates with 4 to 7 
subambulacral spines in a single series, with a spine or 2 out of 
line, and distally 8 or 10 in 2 or 8 series, all much shorter than the 
furrow spines. On a few plates some of the spines form a simple 
fasciculate pedicellaria, and are not appreciably modified. The first 
and second plates are conspicuously compressed, the first with a 
double pectinate transverse series of 14 to 16 spines. 

Mouth plates and armature similar to forgoing species. The 
marginal spines below the base of the large inner tooth are short 
conical and bluntly pointed and form a fascicular group of 6 or 7 
resembling a pedicellaria. The portion of the series on a level with 
the teeth consists of 3 or 4 small spines; the inner tooth is thick, 
slightly tapered and blunt. The superficial spines are in 2 series 
on each plate, the inner next to suture reaching the outer end of 
plate and consisting of rather thick, blunt, lanceolate spinules; the 
intermediate spines are irregularly placed, much smaller, and do 
not attain the outer end of plate. 

Madreporic body medium-sized, the adcentral edge being at the 
middle of r. 


Type.—Cat. No. 30523, U.S.N.M. 
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Type-locality —Station 5301, China Sea, vicinity of Hongkong 
(lat. 20° 37’ N.; long. 115° 43’ E.), 208 fathoms, gray mud, sand, 
bottom temperature 50.5° F.; 1 specimen. 

Distribution.—China Sea, vicinity of Hongkong. 

Specimens examined.—The type, and 1 specimen from station 
5302, near type-locality 88 fathoms, soft gray mud (probable error 
in locality). 

Remarks.—This species differs from /uzonicus in having still nar- 
rower rays; superomarginals which encroach less upon the paxillar 
area, and which have proportionately higher lateral faces; more 
delicate superomarginal spinelets; practically no specialized spines, 
except a very small one on the distal plates; actinally narrower in- 
feromarginal plates with only 1 small actinal spine on a few proxi- 
mal plates; shorter lateral spines; more restricted actinal interme- 
diate plates; adambulacral pedicellariae; proximally fewer subam- 
bulacral spines; longer and slenderer terminal plate. The narrow 
rays, narrow inferomarginals and superomarginals, shorter lateral 
spines, and the short series of actinal intermediate plates are among 
the differences separating fenwis from euryactis and anchistus. 
From multicinctus, tenuis differs in not having such tumid marginal 
plates, in having shorter lateral spines, no superomarginal spine, 
fewer furrow spines, smaller paxillae, and a more pronounced angle 
between the actinal and lateral faces of the inferomarginal plates. 
In mulitcinctus the actinal surface of the plates is beveled and the 
outer end quite tumid. An additional difference is the absence in 
tenuis (and in the other preceding species) of the specialized abac- 
tinal pedicellariae. These occupy low plates independent of the 
paxillae. 

Psilaster gracilis Sladen seems to be an aberrant Persephonaster, 
with much reduced marginals. It differs from Psilaster and agrees 
with Persephonaster in having at the base of each tooth a group of 
spinelets—a part of the marginal series—directed across the mouth 
of the furrow. P. gracilis has even more attenuate rays than P. 
tenuis, and has much smaller marginal plates. The inferomarginals 
are narrow and rounded, without a prominent actinal face, and the 
mouth plates are smaller, with a smaller tuft of spinelets at the 
mouth of furrow. 





PERSEPHONASTER MULTICINCTUS Fisher. 
Plate 25, fig. 1; plate 26, fig. 1; plate 27, fig. 1; plate 37, figs. 2, 2a-—c. 
Persephonaster multicinctus FisHer, 1918a, p. 616. 


Piagnosis.—Of the type of P. cingulatus Fisher and related to P. 
roulet Koehler, from which it differs in having abactinal and mar- 
ginal pedicellariae; fewer paxillar spinelets; a slender appressed, 
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central superomarginal spine, forming a single longitudinal series 
along ray (not 2 conical robust ones, forming 2 parallel series along 
ray); more numerous furrow spines. Disk larger than in either 
cingulatus or roulei, R=110+mm, (tip of ray broken), r=24 mm., 
R=4.6-+-r; breadth of ray at base 28 mm. Interbrachia open; rays 
tapering very gradually; height of ray at base less in proportion to 
width than in cingulatus or patagiatus. 

Description—Marginal plates massive, tumid, the superior series 
encroaching markedly upon paxillar area; the latter narrow on rays, 
beyond the middle being about as wide as a corresponding supero- 
marginal. Paxillae small, with a low pedicel surmounted by a flat- 
topped group of terete, blunt spinelets as long, or slightly longer 
than height of tabulum. Largest paxillae, at base of rays and on 
disk at middle of r, with about a dozen peripheral and 5 to 7 central 
spinelets. Far along ray the spinelets are much higher than tabulum 
and as few as 2 or 3, more often 5 to 8 in a coordinate group. 
Scattered over the paxillar area are fairly numerous plates without a 
perceptible tabulum and with 2 to 10 tapering, pointed spinelets, 
markedly stouter than those of the regular paxillae, and forming 
fasciculate or fasciculate-pectinate pedicellariae. Plates interme- 
diate between these and the normal paxillae are observable. Some- 
times the spines form two opposed rows, sometimes are grouped in a 
circle. ; 

Superomarginals over 40, shaped as in P. cingulatus, the median 
transverse line being covered with scalelike granules, the slopes on 
either side with tiny terete spinelets. Near middle of plate are one 
or 2 slender appressed, sharp, flattened spinules not as long as the 
plate (absent from 6 or 7 interbrachial plates). Each plate also has 
several inconspicuous fasciculate pedicellariae, modified from both 
the slender and the scalelike spinelets, and occurring on both upper 
and lateral faces of plate. 

Inferomarginals corresponding to superomarginals in number and 
position, tumid and encroaching upon actinal area about as much as 
in cingulatus. Proximally the plates bear a lateral oblique comb of 
3 or 4 slender, flat, sharp, appressed spines, about the same length as 
in cingulatus (but fewer). The general covering of the plates con- 
sists of squamiform granules, or spinelets, becoming more spiniform 
on the margins. There is also a fasciculate spiniform pedicellaria 
near the upper margin of most of the plates. 

Actinal interradial areas small; the first series of intermediate 
plates extending to the eighteenth inferomarginal, or half the length 
of ray, the outer plates being small and rudimentary ; the second series 
to the sixth plate; the third series to the third plate, while in the 
first interradial series between mouth and first inferomarginal plates 
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7 plates occur, and in the next 2, also meeting the first inferomar- 
ginal, are 6 and 5 plates, respectively. The covering of the inter- 
mediate plates resembles that of cingulatus, but the spinelets are even 
more numerous and each interradial triangle contains about 10 or 12 
slender elongate spines and a very few fasciculate pedicellariae, with 
4 or 5 spiniform jaws on the plates adjacent to adambulacrals. 

Adambulacral plates with a curved furrow margin, 9 furrow and 
2 longitudinal series of slender, membrane-covered, rather fleshy 
subambulacral spines, about 5 in the inner series and 4 to 7 slightly 
shorter ones in the second. The tips of the furrow comb form a 
straight or only slightly curved contour, and the armature is of the 
type of cingulatus. The subambulacral spines have a conspicuous 
lateral flange of skin, and look as if webbed for more than half their 
length. They are not, however. The appearance is due to the juxta- 
posed edges of the vanes. On the first to the third plates a few 
actinal spinelets may be coordinated into a conical pedicellaria. 

Mouth plates with a very large, broadly lanceolate, inner tooth. 
The true furrow series forms a very acute angle on the level of the 
base of this spine in such a way that a horizontal or oblique double 
series of altogether six or seven spinelets projects across mouth of 
furrow, near the peristome. Ten or more additional spinelets con- 
tinue this series from the base of the tooth along the true margin 
of plate to the outer end, and considerably above (as viewed ac- 
tinally) the double angular series referred to above. There are 
numerous suboral spinules in 2 additional (interradial) series much 
as in cingulatus. 

Madreporic body small, very convex, on the marginal side of the 
center of r. Striae like those of cingulatus. 

Type.—Cat. No. 30524, U.S.N.M. 

Type-locality— Station 5648, Buton Strait, Celebes (lat. 5° 35’ S.; 
long. 122° 20’ E.), 559 fathoms, green mud, bottom temperature 
39.2° FE. 

Remarks——This species differs from P. cingulatus in having 
much smaller paxillae, abactinal and numerous marginal fasciculate 
or fasciculate-pectinate pedicellariae, 1 or 2 slender appressed supero- 
marginal spines, fewer inferomarginal spines, smaller inferomar- 
ginal squamiform granules or, spinelets; much heavier teeth; larger 
disk; and the combined marginal plates are lower in proportion to 
width of ray. 

: PERSEPHONASTER SULUENSIS Fisher. 
Plate 22, fig. 2; plate 28, fig. 1; plate 38, figs. 1, la-e. 
Persephonaster suluensis FisHer, 19138a, p. 617. 

Diagnosis.—Near P, multicinctus. Differs in having the supero- 

marginal plate with the transverse ridge between the center and 
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aboral margin of the plate, not in the center; inferomarginals appre- 
ciably broader, with less crowded squamules; furrow spines 7 or 8; 
marginal fan of mouth spines prominent, 5 to 7, nearly as long as 
first adambulacral furrow spines. R=61 mm., r=14 mm., R=4.3 r; 
breadth of ray at base, about 16 mm. 

Description.—The difference in the appearance of the abactinal 
surface of suluensis and multicinctus is chiefly due to the more evi- 
dent tumidity of the latter’s superomarginals, and the position of 
the summit of this on the median transverse line of the plate—not 
near the distal margin. The superomarginals of sudwensis are not 
evenly rounded from the inner to the lower or outer margin but have 
a fairly plane and horizontal dorsal facet at nearly right angles to 
the lateral, the margin of the ray being abruptly rounded. In sz/u- 
ensis the spinelets of the exposed surface are lanceolate squamules, 
while in multicinctus a narrow transverse band is clad with roundish 
squamiform granules abruptly larger than the other spinelets. In 
suluensis the inferomarginals extend laterally shghtly beyond the 
superomarginals, and the lateral comb consists of proximally 4 and 
distally 3 sharp, slender appressed spines. The first 2 or 3 plates 
may have a rudiment of the second comb, covered by the upper 
spines. This is lacking in multicinctus, and the inferomarginals do 
not extend laterally beyond superomarginals. The plates are wider 
and the actinal surface more nearly plane than in multicinctus. On 
the first 8 plates a delicate spinule, spaced from the lateral comb 
stands on the adoral margin, as in tenuis. (In multicinctus this 
spine is present but larger, and a second may be present on the first 
3 or 4 plates.) The squamules covering the plates are lanceolate to 
oval, smaller than in multicinctus, and slightly spaced, not crowded 
and overlapping. 

The abactinal paxillae are about the same size as in multicinctus. 
A large paxilla has 15 to 18 peripheral and 8 to 10 central, delicate, 
terete, spinelets, shorter than the low pedicels. The pedicellariae are 
distinctly larger than neighboring paxillae and have 4 to 8 pointed 
jaws, either forming 2 opposing rows, or a circle. There are a num- 
ber of low paxillae, with spinelets, in addition to the pedicellariae, 
forming a transition between normal paxillae and the low pedicel- 
larian plate. In proportion to the neighboring plates the pedicel- 
lariae of suluensis are larger than in mudticinctus, in which the 
pedicellariae are equal to the paxillae, or sometimes a trifle smaller 
or a trifle larger, but not conspicuously larger. 

Actinal intermediate plates extending nearly two-thirds length of 
ray, but the outer ones are minute and rudimentary. In m ulticinctus 
they extend half the length of ray. The plates bear groups of rather 
numerous, slender, spinelets, with one enlarged, in the interradial 
region. Most of the proximal plates adjacent to the adambulacrals 
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bear fasciculate pedicellariae. These are present in multicinctus, but 


are much smaller, as they never occupy the whole plate. The en- 
larged spinules are larger in multicinctus. 

Mouth plates with a conspicuous lateral fan of 5 to 7 marginal 
spines, nearly as long as the first adambulacral furrow spines, and 
the usual oblique double series of about 10 spinelets between the base 
of tooth and peristome. The superficial spines are in 2 series on 
each plate, and the marginal series is carried to the outer end of plate 
by several additional small spinelets. The teeth are much as in sev- 
eral other species, rather long, stout, shghtly swollen, with a blunt 
tip. In multicinctus the lateral marginal comb is much less con- 
spicuous. 

Type—Cat. No. 30525, U.S.N.M. 

Type-locality Station 5424, Sulu Sea, near Cagayanes Islands, 
340 fathoms, coral sand, bottom temperature 50.4° F.; 1 specimen. 

Remarks.—This species is similar, also, to P. tenuis, but differs in 
the presence of the conspicuous though small superomarginal spine, 
the wider inferomarginals, the much less compressed first adambu- 
lacral plates, the longer and more numerous marginal mouth spines, 
the proximal subambulacrals in 2 series, and the specialized abactinal 
pedicellariae. From suluensis, luzonicus differs in having con- 
spicuously wider marginal plates, no specialized abactinal paxillae, 
and in lacking all but rudiments of the actinal inferomarginal spines 
and the second lateral comb. P. anchistus which, like suluensis, lacks 
the actinal inferomarginal spines, differs in having wider rays, more 
depressed superomarginals, no specialized abactinal paxillae, usually 
more numerous superomarginal spines, longer paxillar spinelets, a 
more extensive series of actinal intermediate plates. The oral and 
adambulacral armature is much alike in both species, but the dis- 
tinctly broader rays and more depressed marginals of anchistus will 
serve to separate it at once. It is probable that swlwensis is rather 
closely related to anchistus, as well as to multicinctus, although the 
curious pedicellariae are lacking in anchistus, the less specialized 
paxillar type only being present. 


PERSEPHONASTER OEDIPLAX Fisher. 
Plate 22, figs. 8, 4; plate 23, fig. 4; plate 31, figs. 2, 3; plate 38, figs. 2, 2a—d. 
Persephonaster oediplax FisHer, 1913a, p. 617. 


Diagnosis —Marginal plates small and tumid, the superomarginals 
bearing a central or subcentral small spine, or distally 2; the infero- 
marginals extending laterally slightly beyond superomarginals, the 
tumid outer end bearing a narrow comb of 3 or 2 slender appressed 
spines; no actinal inferomarginal spines; superomarginal, infero- 
marginal, abactinal, actinal intermediate, and subambulacral fasci- 
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culate pedicellariae; furrow spines 6 or 7, rather long, slender, com- 
pressed; subambulacral spines 8 to 12, slender and short. Rays long, 
of medium width, thin and with an attenuate extremity. R=95 
mm., r=20 mm., R=4.75 r; breadth of ray at base, 22 mm.; breadth 
at two-thirds r, 8 mm. 

Description.—Rays, slightly variable in width, but of medium 
breadth, appressed, the marginal plates forming a thin edge. The 
superomarginals do not encroach much upon paxillar area and in 
consequence the latter is broad. Abactinal integument rather thin 
and flexible, and the paxillae in consequence of the upright position 


of their spinelets, appear spaced. Arrangement of paxillae typical 


of Persephonaster. Paxillae largest on interradial regions and adja- 
cent portions of the base of ray where they are of medium size, and 
consist of 15 to 20 terete pointed spinelets longer than the rather low 
pedicel. In the center of the disk the paxillae are very slender, with 
8 or 10 spinelets, the pedicel being longer, shorter, or equal to them 
in length. Many paxillae have a fasciculate pedicellaria of slightly 
thickened spinelets. 

Abactinal plates irregularly elliptical on papular areas and more 
roundish on median radial line. Plates of the transverse series touch 
each other or even overlap slightly but consecutive series are spaced. 
Many of the plates of the outer half of ray are shaped like an open 
fan, and the transverse rows are little or not at all interrupted on 
the radial line. Papulae absent from small area at center of disk and 
along a narrow radial band. 

Superomarginals, 40 in number, are quite small and form a nar- 
row border to paxillar area, the inferomarginals extending laterally 
beyond them and forming a scalloped margin to the ray. In the 
interbrachial angle the plates are wider than long, then they become 
square, and beyond the first third of the ray the length gradually in- 
creases over the width, as the plates become smaller and smaller. 
The plates are tumid, the apex of the tumidity bearing a short, coni- 
cal spine and moving from the middle of the plate (at base of ray) 
to a little distad of the middle. On the outer fourth of the ray the 
plates are not tumid, and have 2 or 3 spines in a transverse series. 
The plates are covered with a fine nap of very delicate spinelets, be- 
coming appressed around the base of the spine and most of them 
have 1 or 2 small fasciculate pedicellariae near the inner edge. Ter- 
minal plate very slender, subcylindrical, round-tipped, with a stout 
terminal spine and 2 or 3 smaller ones on either side. 

Inferomarginals on first third of ray equal in width to 1.5 the 
length; at middle of ray the width only slightly exceeds the length. 
From this point the ray becomes rapidly very attenuate, and the 
plates are longer than wide. Most of the width of plate is occu- 
pied by the actinal face, the lateral facet being low, not half as wide 
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as the actinal. This outer end is tuniid and bears a short oblique 
comb of 8, distally often 2, slender, tapering, sharp, appressed spines, 
the middle, or the 2 lower the longest, or sometimes the lowest. At 
the first third of the ray the longest spine equals 2 or 24 plates, and 
the comb often is largely abactinal in position, the spines resting on 
or against the superomarginals. The first 3 or 4 plates may have 4 
spines in the comb, with an additional actinal spinule, and 1 or 2 
spinules out of place in front of the comb. Plates covered with 
spaced, rather slender, flattened, appressed spinelets, sometimes 
broader and more scalelike. The first few plates usually have 1 
or 2 fasciculate pedicellariae near the inner edge consisting of about 
6 stubby spinelets and another at the outer end, near the base of the 
ippermost lateral spine, this upper pedicellaria persisting to the 
outer part of the ray. 

Actinal interradial areas small; intermediate plates extending to 
twenty-first inferomarginal or about two-thirds length of ray. They 
are very small and well spaced beyond the first fourth of the ray. 
Plates shghtly convex and armed with spaced groups of rather slen- 
der papilliform spinelets, which, on a variable number of plates in 
the interradial areas form fasciculate or pectinate pedicellariae. The 
pedicellarian spinelets are coarser and shorter than the others. 

Proximal adambulacral plates wider than long, then as wide as 
long, and beyond middle of ray increasingly longer than wide. 
Sutures very broad. Furrow spines 6 or 7, slender, compressed, 
pointed, and rather long. When there are 6, the spines are nearly 
equal, the median being a trifle the longest. When there are 7, either 
or both lateral members, especially at base of ray, are conspicuously 
shorter. Subambulacral spines 8 to 12, slender, pointed, much 
shorter than furrow spines and arranged in about 2 irregular series, 
or on the first 2 or 3 plates in 2 or 3 irregular transverse series, or 
without any regularity. A variable number of plates bear 1 or 2 
fasciculate pedicellariae with 4 to 6 jaws. These jaws are slightly 
more pointed subambulacral spines. Rarely all the subambulacral 
spinelets form a sort of pectinate pedicellaria. In the type most of 
the plates except on the attenuate outer part of the ray have pedi- 
cellariae, but a specimen from station 5215 is poorly provided. 

Mouth plates of the usual Persephonaster type. At the inner 
angle of the combined plates are 2 broad, flattened, blunt, petaloid 
spines. Between each of these and the peristome is an oblique verti- 
cal double row (or really a very acutely angular series, apex toward 
peristome) of about 10 pointed spinelets resembling a pectinate 
pedicellaria. The marginal series, on the furrow, at level of inner 
tooth, consists of 3 to 5 rather conspicuous slender lanceolate spines 
appressed against the smaller suboral spines, of which there are 
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generally 2 series to each plate, that bordering the median suture 
consisting of 10 to 14 short, stout, blunt, spinelets. ‘The other or in- 
termediate series is less regular and is composed of 8 or 10 shorter 
spinelets. A third series continues the marginal series along the lat- 
eral suture. That the teeth are occasionally broken in life is shown 
by their absence on 2 mouth angles of the type, and by regenerating 
members in 2 other angles. 

Madreporic body very convex, situated its own diameter nearer the 
margin from the middle of r. 

Anatomical notes.—Intestinal coecum butterfiy-shaped, the great- 
est diameter about one-half r. Polian vesicles rather large with numer- 
ous small diverticula scattered over the surface of the enlarged distal 
portion. Superambulacral ossicles slender, and rather long, but ab- 
sent from the first 3 ambulacral ossicles. The intermarginal pores, 
described under P. euryactis brevispinus, are well developed, the 
largest being the median interradial, which as seen from the coelomic 
side has a diameter about one-third that of the plates adjacent. 
From the outside, when the plates are carefully cleaned, the pore is 
visible at the point where the transverse suture between a pair of 
superomarginals meets the intermarginal suture (between the 2 
series), but is covered with skin. There does not seem to be any 
structure resembling a papula. The other pores are similar and de- 
crease gradually in diameter, becoming very tiny at the middle of 
ray, and soon ceasing. 

Type—Cat. No. 30526, U.S.N.M. 

Type-locality Station 5128, east coast Mindoro, 283 fathoms, 
green mud; 2 specimens. 

Distribution—Known only from east of Masbate and east coast 
of Mindoro, and neighboring waters, 283 to 604 fathoms. 

Specimens examined.—Six; 2 from type-locality and 4 from the 
following stations: 

Station 5215, east of Masbate Island, 604 fathoms, green mud, bot- 
tom temperature 50.5° F.; 1 specimen. 

Station 5219, between Marinduque and Luzon, 530 fathoms, green 
mud, sand; 3 specimens. 

Remarks.—P. oediplax differs from such species as euryactis, an- 
chistus, and luzonicus in having much narrower and more tumid 
superomarginals, each of which bears a subcentral conical spine, not 
an appressed spine or row ot spinelets near the distal border of the 
plate. The three species mentioned are notable for their broad 
inferomarginal plates also. P. oediplaw differs from P. tenuis in 
having much smaller and more tumid [armed ] superomarginals and 
less massive inferomarginals. The side of the ray of tenuis at base 
is massive and high—higher than the actinal width of inferomar- 
ginals—while in oediplax the border of ray is equal to or less than 
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actinal width of inferomarginals. The ray is slenderer in tenuis 
and the paxillar area much narrower, the paxillae larger, the lateral 
spines more numerous, and the actinal inferomarginal spinelets. 
squamiform. P. multicinctus belongs to another type, having mas- 
sive transversely tumid superomarginals, narrow paxillar area, 
large independent abactinal pedicellariae, larger paxillae, and num- 
erous furrow spines. VP. sulwensis also has a massive margin to the 
ray, the superomarginals, especially, being larger than in oediplaz, 
and the side wall of ray higher. The paxillar area in suluensis is 
narrower; and conspicuous, independent, abactinal pedicellariae are 
present. Actinally the most noteworthy differences are the wider 
inferomarginals and longer marginal mouth spines of sulwensis, and 
the slenderer inferomarginal spinelets and conspicuous inferomar- 
ginal pedicellariae of oediplax. 


PERSEPHONASTER HABROGENYS Fisher. 
Plate 13, fig. 1; plate 28, fig. 1; plate 31, fig. 6; plate 39, figs. 2, 2a—e. 
Persephonaster habrogenys FISHER, 1918a, p. 618. 


Diagnosis —Resembling P. oediplax but with still slenderer rays,, 
smaller disk, narrower inferomarginal plates, which bear proxi- 
mally 2 or 8 actinal spinules in addition to the 2 or 3 slender, long, 
lateral spines; with very small actinal interradial areas, the plates 
extending less than half the length of ray; mouth plates small, with 
2 series of suboral spines; adambulacral plates spaced, with 5, less 
often 6, furrow spines. Superomarginal spines proximally 1, dis- 
tally 2 or 3, the plates markedly convex. No superomarginal, infero- 
marginal, or subambulacral pedicellariae. R=59 mm., r=11 mm., 
R=5.3-+r; breadth of ray at base, 11 or 12 mm. Rays slender, evenly 
tapered, sharp; interbrachial angles abruptly rounded. 

Description.—Paxillae arranged as in vediplaw, but with a wider 
radial area free from papulae. Paxillae not crowded, medium sized, 
the largest having about 15 to 18 slender terete spinelets, often longer 
than the pedicel, 3 to 5 occupying the center of group. Many paxillae 
have part or all of the center of tabulum occupied by a fasciculate 
pedicellaria with 3 or 4 jaws, and a few are lower and have only 2 
or 3 spinelets in addition to the pedicellaria. 

Superomarginals, 35 in number, have about the same proportions 
as in oediplaw, but are a trifle less tumid, and bear on the apex of the 
plate, nearer the inner than outer edge, a sharp conical spine, larger 
than in oediplaxw, and proximally two-thirds to three-fourths length 
of plate. Beyond the basal third of ray a second, and often a third 
smaller spine is added to form a transverse series, which as the 
end of the ray is approached, moves very gradually nearer the distal 
margin of plate. General surface of plate covered with delicate 
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terete upright spinelets, becoming slightly longer, sharper, and 
slender-squamiform near the spines. ‘Terminal plate slender, cylin- 
drical, longer than wide, with a terminal spine longer than itself, 
and on either side 2 shorter spines. 

Inferomarginal plates extending laterally slightly beyond the 
superomarginals, very narrow, with a tumid outer end, as in oedi- 
plax. Except for the first 2 or 3 plates which are wider than long, 
all the plates are either as wide as long (to about the middle of ray) 
or narrower than long (outer part of ray). For this genus the in- 
feromarginals are very narrow, and form a narrow, slightly beveled, 
border to actinal area. Lateral spines proximally 3 (with sometimes 
a slenderer fourth spine at upper end of series) distally 2, slender, 
slightly curved, appressed, the lowest the longest and equaling 2.5 
to 2.75 plates in length, on proximal half of ray. On the distal mar- 
gin of the narrow actinal face of plate 2 or 3 much smaller, very slen- 
der spinules continue the lateral series. These become so small on 
the outer third of ray that they merge into the general spinulation, 
and owing to the extreme narrowness of the plates, the lateral comb 
occupies the whole width. The spinelets covering the outer or lateral 
face of plate are like those of the superomarginals, only a little 
longer, but actinally become coarser, sharper, and well spaced. 
There may be on the proximal plates an enlarged spinule near the 
adoral margin. 

Actinal interradial areas very small for the genus, the distance be- 
tween outer end of mouth plates and the edge of first inferomarginal 
plate being slightly less than the interradial dimension of the mouth 
plates. ‘The series between the 2 points mentioned contains 4 or 5 
plates. Intermediate plates extending to twelfth inferomarginal or a 
trifle less than half length of ray. These plates are spaced from one 
another, beyond the second inferomarginal. The plates bear groups 
of 6 or 8 slender, sharp, terete spinules, which, by reason of the in- 
vestment, appear smaller near the base, and which are a little shorter 
than the subambulacral spines. Several plates in the interradial 
area, adjacent to adambulacrals, bear prominent fasciculate pedicel- 
lariae with 4 to 6 jaws swollen at the base and tapering like the other 
spinules, but the calcareous part in reality is very slender. 

Furrow spines 5, occasionally 6, long, slender, compressed, pointed, 
membrane-invested and webbed at base, forming a regular comb with 
a curved outer margin. The mesial spines are about as long, on the 
proximal third of the ray, as the neighboring inferomarginal plate. 
Subambulacral spines very slender, terete, but apparently thick 
and swollen, owing to the translucent tissue investing them. There 
are about 6 of these forming 2 series on the second and third plates, 
then on the succeeding plates a single zig-zag series, and finally on 
the outer half or two thirds of ray 2 more or less ere series, 
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of 8 to 12 spinules. The first plate is compressed and has an angular 
furrow series of 5, and 2 transverse subambulacral series of about 8 
or 9 spines. No subambulacral pedicellariae. 

Mouth spines fewer than in oediplaw. Laterally from the base of 
the compressed tooth, and directed into mouth of furrow is a fasci- 
culate group of 4 or 5 small pointed tapering spinelets resembling 
and probably functioning as a pedicellaria. This is the usual Perse- 
phonaster group of spines belonging to the marginal series. It is 
continued on the margin of plate facing the furrow by about 3 
longer, bluntly pointed spines, and thence along the lateral suture 
margin by 5 or 6 additional shorter slender spinelets. The super- 
ficial series, along edge of median suture, consists of about 8 promi- 
nent, flattened, slender or lanceolate blunt spinules decreasing in 
length toward outer end of plate. The mouth plates are much nar- 
rower than in oediplax, or any other of the preceding species, and 
are notable for their small size generally. The distance between the 
superficial and marginal series of spines is slight. 

Madreporic body small with coarse striae and a paxilla on the 
surface adjacent to the adcentral margin. It is situated about two- 
thirds r from center. 

Type.—Cat. No. 30527, U.S.N.M. 

Ty pe-locality—Station 5114, Verde Island Passage, vicinity of 
Balayan Bay, southern Luzon 340 fathoms, fine sand ; 2 specimens. 

Distribution—Balayan Bay, Luzon, and Sibuko Bay, Borneo, 305 
to 340 fathoms. 

Specimens examined.—Three, the types and 1 from 5592, Sibuko 
Bay, Borneo (lat. 4° 12’ 44’’ N.; long. 118° 27’ 44’’ E.), 305 fathoms, 
green mud, bottom temperature 43.3° F. 

Remarks.—This species is an aberrant Persephonaster in that its 
marginal and mouth plates are distinctly smaller than the mean for 
the genus, and the general habit is slender and light. The actinal 
interradial areas are also small, and the furrow spines of the adam- 
bulacral plates reach the lowest number known in the genus. P. 
habrogenys agrees with P. gracilis (Sladen) in having small mouth 
plates, but differs in possessing armed superomarginals, smaller disk, 
higher paxillae; in having the lateral and ventral facets of the in- 
feromarginals better differentiated, and the long inferomarginal 
plates lateral in position; in having fewer furrow spines. The 
marginal plates of gracilis are much less tumid than those of 
habrogenys. Dytaster anacanthus Alcock and Wood-Mason (Bay of 
_ Bengal, 1,748 fathoms) is certainly not a Dytaster. Although the 
mouth plates are imperfectly described, the species, as Alcock states, 
seems to be near P. gracilis (Sladen) and for that reason, if for no 
other, probably should occupy a niche in the genus Persephonaster. 
tt has unarmed superomarginals which are more lateral in position 
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than in habrogenys and are not tumid. The lateral inferomarginal 
comb is reduced to a long, fine spine and 1 or 2 similar but smaller 
ones are vertically below it; furrow comb, 6 to 8 spines; no pedicel- 
Jariae. In habrogenys the lowest lateral spine is the longest. 


PERSEPHONASTER MONOSTOECHUS Fisker. 
Plate 20, fig. 2; plate 21, fig. 2; plate 31, fig. 5; plate 87, figs. 3a-e. 
Persephonaster monostoechus FisHER, 1918a, p. 620. 


Diagnosis.—Related to P. croceus Alcock and Wood-Mason, which 
it resembles in having, in addition to the appressed inferomarginal 
spines, a conical erect lateral spine, but differs in having only 1 series 
of erect. superomarginal spines (peculiarly situated), narrower mar- 
ginals, 8 furrow spines, small] actinal interradial areas, and irregu- 
larly occurring and smaller, erect, lateral spines. R=45 mm., r=8.5 
mm., R=5.3 r; breadth of ray at base, 12 mm. Rays rather slender, 
with, proximally, high lateral walls sloping steeply but not quite 
perpendicularly; marginal plates massive, tumid, the superomar- 
ginals encroaching conspicuously upon the abactinal surface beyond 
the base of ray. Interbrachial angle abruptly rounded. 

Description —Paxillar area narrow, being about as wide at the 
base of ray as the length of the first superomarginals. Paxillae com- 
paratively large, though the number of spinelets is not great. Pax- 
illae largest in the interradial regions and adjacent portions of ray. 
The base of the stout tabulum is roundish on the disk, with slight 
indentations, but on the ray the plate as well as the section of tabulum 
is elongate elliptical and the tabulum or pedicel becomes lower and 
lower on the outer part of the ray until the plates are merely slightly 
convex. <A large interradial paxilla has 15 to 18 pointed slender 
spinelets about as long as the convex tabulum, 3 to 5 occupying the 
center. In the center of disk, where the paxillae are small and the 
pedicels are slender instead of thick, there are 5 to 10 slender spine- 
lets. The large paxillae extend far along ray on either side, but are 
compressed instead of round. On the radial region of each ray are 
several large fasciculate pedicellariae, sometimes broader than pax- 
illae, composed of 4 to 8 pointed tapering spinelets, much stouter 
than those of paxillae, and springing from low plates resembling 
reduced paxillae. 

Superomarginal plates, 28 in number, are fairly large and tumid, 
the first 4 or 5 being confined to the side wall of the ray and bearing 
their single upright conical spine practically on the upper edge of 
the plate; but with the fifth plate the spine recedes from the inner 
edge, and more and more of the surface of the plate is abactinal. 
With the eighth or ninth plate the 2 facets are about equal, but 
distally from this point the dorsal becomes much the wider, and the 
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spine, which always keeps on the well-rounded margin between the 
2 facets, gradually becomes horizontal and has the appearance of 
being a lateral spine. There is no abrupt fasciolar channel] between 
the plates, the surface sloping upward from either transverse suture 
to the median line and the spine is on this ridge, which, however, 1s 
slight on the outer third of ray. The spine is tiny or wanting on 
the last 8 or 10 plates. The longest spines, in the median third of 
ray, are about as long as the plate, and the plates themselves are 
nearly square, except at the base and end of ray, where the trans- 
verse dimension is the greater. The surface of plate is covered 
with spaced delicate spinelets fairly capillary around the edges and 
a little shorter and more clavate in the middle. Terminal plate 
rather stout with a tuft of 10 or 11 sharp spinules in 2 semicircular 
series at the end. 

Inferomarginal plates rather small, the proximal being a iritle 
wider than the corresponding superomarginals, the rest of about 
the same width and length. AJIl except the distal plates are mark- 
edly tumid, the ridge of the superomarginals being continued across 
the lower series, and the ventral margin of the ray is so evenly 
rounded that the plate is regularly curved from the inner to the 
outer edge, there being in’ consequence an exceptionally narrow 
actinal face when the specimen is viewed from below. The arma- 
ture is of the type of P. croceus and quite distinct from that of the 
foregoing species. Just below the outer or upper edge of the plate 
is a horizontal, erect, conical spine a little smaller than the corre- 
sponding superomarginal. Below this, and forming with it a slightly 
oblique transverse comb, are 2 (sometimes 3 and distally only 1) 
slender, appressed, slightly flattened, sharp spines, the upper about 
as long as width of plate. The erect conical spine is often miss- 
ing, there being no regularity in this respect, and on the outer part 
of the ray it is regularly lacking. When lacking on the proximal 
part of the ray its place is sometimes, but not always, taken by an 
extra appressed spine. The plate is covered with delicate spinelets 
similar to those of the superomarginals but a little longer on the 
ventral end. 

Actinal interradial areas small, the interradial diameter slightly 
exceeding that of the mouth plates. Intermediate plates extending in 
a single series to the eighth inferomarginal (a little over a third of 
ray) and in 2 series to the fourth inferomarginal. Five plates be- 
tween the first inferomarginal and mouth plate. Plates covered with 
spaced delicate spinelets; several plates in each angle also with a 
central slender, much longer, pointed appressed spinule. 

Furrow spines 8 (occasionally 7 or 9), long, slender, shghtly com- 
pressed and pointed, in a regular comb with a nearly straight distal 
margin. The spines are about as long as width of plate at base of 
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ray and slightly longer distally. Subambulacral spinules 10 to 12, 
very slender, terete, pointed, in 3 irregular longitudinal series or in 
1 series of 5 near furrow, and the others without very definite order, 
the size grading from those of first series, which are nearly as long 
as the furrow spines, to the outer, which are subequal to the actinal 
intermediate spinelets. Some of the proximal plates have fasciculate 
pedicellariae with 3 to 5 shortened, sharp spiniform jaws. The first 
plate is not very markedly compressed and has a furrow series of 6. 

Mouth plates rather narrow but very convex. The oblique vertical 
angular series of marginal spines forms a fasciculate group of about 
5, the outer limb of the angle being continued along the margin 
adjacent to first tube foot by 3 to 5 additional slender spinelets, in 
a fan, and thence along the lateral sutural margin, by 7 or 8 delicate 
spinelets. The inner tooth is stout, fusiform, blunt, or pointed, about 
half as long as plate. The suboral armature includes a series of 
S or 9 short, rather thick, spines along margin of median suture, the 
innermost two-thirds as long as the tooth, the others rapidly decreas- 
ing in length. There is also an intermediate series of 6 to 8, subequal 
to the adjacent superficial spinelets, but not very regular in size or 
shape. 

Madreporic body a little more than its own diameter from margin, 
the ridges with small spiniform protuberances. 

Type.—Cat. No. 30528, U.S.N.M. 

Type-locality. Bichacan 5606, Gulf of Tomini, Celebes, 834 fath- 
oms, green mud; 1 specimen. 

Derbi omterh ea only from type-locality. 

Remarks—P. monostoechus may be readily distinguished from 
any of the preceding species by the presence of the erect lateral 
inferomarginal spine, and by the single series of erect superomar- 
ginal spines which are at first dorsal in position and gradually move 
away from the upper edge of the plate and become lateral on the 
outer part of the ray. The superomarginals are formed very much 
like those of muliicinctus, but the position of the spine, as well as 
the inferomarginal armature, will at once distinguish monostoechus. 

Persephonaster croceus Alcock and Wood-Mason is from the GulJ 
of Manaar, 738 fathoms. 

’ Genus TRITONASTER Fisher. 
Tritonaster FisHErR, 1906, p. 1017. Type, 7. craspedotus Fisher. 
TRITONASTER EVORUS Fisher. 
Plate 29, figs. 1, 4; plate 30, fig. 6; plate 39, figs. 3, 3a—b. 
Tritonaster evorus FWisHeER, 1918a, p. 621. 

Diagnosis. pe 5, R=31 mm., r=7 mm., R=4.4 r; breadth of 
ray at base, 7.5mm. Rays pointed, fairly stout, very evenly tapering 
from narrow sine interbrachia abruptly rounded, abactinal integu- 
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ment thin, slightly inflated; paxillae small, largest on borders of 
paxillar area to which papulae are confined; marginal plates massive ; 
superomarginals forming a tumid border to paxillar area, each with a 
small, conical, upright spine; inferomarginals with very tumid outer 
ends bearing, proximally, 2 curved parallel combs of setalike spines 
(one covering the other) and, distally, 1 such comb; adambulacral 
plates with 3 long furrow and 12 to 15 delicate subambulacral spines, 
the latter often forming fasciculate pedicellariae. Differing from 7’. 
craspedotus in the much larger, tumid superomarginals, smaller 
paxillae, double proximal combs of lateral spines, fewer adambulacral 
spines and fewer enlarged teeth. 

Description —Paxillae small, not compact, smallest over a wide 
radial area and center of disk, where there are no papulae, and dis- 
tinctly larger on the papular area which comprises only the border of 
the paxillar area. Paxillae are rather low parapaxillae, the summit 
of the tabulum being convex and narrower than the base. The larger 
paxillae have 1 to 4 central, delicate, minutely thorny spinelets and 
6 to 9 peripheral, while the small ones have 1 to 3 central and 5 to 8 
peripheral. The small paxillae differ, however, in having a much 
lower tabulum and shorter spinelets than those of the papular areas. 
Some of the very small paxillae have only 2 or 3 minute spinelets. 
[he paxillae of papular areas are arranged in oblique transverse 
rows, but this arrangement ends abruptly at the edge of the papular 
areas; the other plates are irregular. The paxillae are smaller than 
those of 7’. craspedotus. 

Superomarginal plates, 24 to a ray, are, unlike those of craspedotus 
robust to the end of the ray and are so shaped that they form a 
raised angular or tumid border to the paxillar area. The plates 
are wider than long, and each has a lateral and a dorsal face, the 
latter being about square and the former longer than high beyond the 
basal fourth of ray. Each plate bears q the angle between the 2 
faces an upright conical sharp spine about half as long as the 
plate. This spine stands on the center of the plate at base of ray 
and gradually moves near the distal margin as the extremity is ap- 
proached. The general surface of plate is covered with well-spaced, 
tiny upright spinelets, very fine about the borders of the plate and 

radually becoming thimble-shaped at the center. On the lateral 
face of many plates are 1 or 2 small fasciculate pedicellariae with 
about 6 tiny spinelets for jaws. The fascioles between the plates 
are very rudimentary. 

Inferomarginal plates wider than long, and a little wider in pro- 
portion to length than in 7’. craspedotus. They have a very convex 
outer end which defines the ambitus and bears a perpendicular, 
curved comb of delicate curved setalike spines. On the second to 
fifth plates this comb covers a second parallel comb of smaller spines, 
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as in Ctenophoraster. This second comb is not found in 7. craspe- 
dotus. Proximally the first comb consists of about 5 larger spines, 
the third from the upper the longest; and forming a continuous 
series with these on the distal margin of the actinal surface are 3 or 4 
smaller and more delicate ones. In front of them is a row of slightly 
enlarged spinelets. Beyond the eight or ninth plate, only the lat- 
eral comb remains and consists of 5 or 4 spines, and 3 or 4 at the 
very tip. Owing to the tumidity of the outer end of the plate 2 or 
3 of these spines are dorsal in position and are pressed against the 
sloping side wall of the superomarginals. The second comb is con- 
fined strictly to the first 4 or 5 plates, and to the outer end, forming 
a parallel series between the base of the regular comb and the distal 
edge of plate. There are 3 or 4 smaller spinules to the series; rudi- 
ments of these spines persist to about the ninth plate. The spinelets 
covering the surface of the plates are spaced and very delicate. On 
the upper surface of the tumid outer end, near the first lateral spine 
a tiny fasciculate pedicellaria often occurs. 

Terminal plate longer than wide, and ovoid in shape with a trun- 
cate narrower end; proximal end with a shght notch next to paxillar 
area, shallower than in craspedotus. 

Adambulacral plates proximally wider than long, gradually be- 
coming narrower, until distally they are longer than wide. Furrow 
spines 3, very long. The central one compressed, and almost trun- 
cate. The laterals slender, slightly tapered and blunt. One or two 
subambulacral spines stand on the margin owing to the very salient 
furrow angle of the plate. These are usually bent away from the 
3 furrow spines. On the surface of the plate are from 12 to 15 
shorter, very slender spines, decreasing in length toward outer edge 
of plate. These are variously arranged, sometimes in 2 longitudinal 
series of 3 or 4 each, with 4 or 5 smaller spinules on the outer part 
of the plate. The distalemember of the first series stands on the 
aboral facet of the angular margin; or 4 to 6 spines on the aboral 
side of the plate form a fasciculate pedicellaria. This is composed 
of 1 or 2 spines from each of 2 or 3 longitudinal series. On the outer 
half of ray the pedicellaria is rare, and the spinules are in 2 series 
with some irregular ones behind them, or in 3 series. The spines are 
less numerous than in craspedotus, and the pedicellariae are higher. 

Mouth plates relatively a little smaller than those of craspedotus. 
There are 2 large teeth to each pair of plates; all the other spines 
are much slenderer and shorter. Furrow series angular as in cras- 
pedotus, composed of rather slender spines bent upward, and con- 
tinued to outer end of plate along suture adjacent to first adambula- 
cral in 8 to 10 smaller spaced spinelets. ‘The series along the median 
suture consists of about 10 to 12 slightly clavate spines and between 
them and the marginal series is an irregular intermediate series of 
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smaller spines, nearer the size of the nearest marginals. The inner 
superficial spines of evorus are smaller than those of craspedotus, 
there being but 2 enlarged teeth at each mouth angle, while in cras- 
pedotus there appears to be a double phalanx of numerous teeth. 

Actinal interradial areas small, the distance between the mouth 
plates and inferomarginals being less than width of the latter. No 
odd interradial series of actinal intermediate plates. A single series 
of rudimentary plates extends to the sixth inferomarginal or about 
one-fourth the length of ray measured along side, and a second 
series does not go beyond the second. The outermost plates are 
separated one from another. There are only 3 plates in an inter- 
radial direction between the mouth plates and first inferomarginals. 
Externally the plates are convex, roundish, or elliptical, with indi- 
cations of 4 or 5 sides, and are armed with spaced delicate spinules 
similar to those of the inferomarginals; most of the plates nearest 
furrow bear a prominent central fasciculate pedicellaria. 

Madreporic body very small, situated its own diameter from mar- 
ginal plates, with few deep striae (deeper than in craspedotus) 
radiating from an eccentric point near the adcentral side. Anal 
aperture minute. 

Type.—Cat. No. 30529, U.S.N.M. 

Type-locality—Station 5476, off extreme southeastern end of 
Luzon (vicinity of San Bernardino Strait), 270 fathoms, fine sand, 
bottom temperature 48.3° F. 

Distribution—Known only from the type-locality. 

Remarks.—This species preserves the generic facies, with the ex- 
ception of the superomarginal plates which are much larger than in 
the only other known species, 7. craspedotus from the Hawaiian 
Islands. Further differences are the smaller paxillae, the double 
comb of lateral spines of the proximal inferomarginals, the addi- 
tional actinal members of the primary comb, fewer adambulacral 
spines, and higher subambulacral pedicellariae, fewer enlarged teeth, 
and smaller madreporic body. The actinal interradial areas are a 
little smaller, and the inferomarginals a little wider. 7’. craspedotus, 
as well as evorus, has both superomarginal and inferomarginal fas- 
ciculate pedicellariae, though very inconspicuous. The superomar- 
ginal spinelets of evorus are shorter and coarser on the central part 
of the plate, the superomarginal spine larger, and the inferomar- 
ginal spinelets a trifle finer and more spaced than in craspedotus. 
Owing to the smaller size, in craspedotus, of the distal superomarg}- 
nals, the lateral spines encroach more upon the abactinal surface. 

Although Tritonaster is near Persephonaster it differs in having 
the abactinal plates a reduced form of paxilla, in having the papulae 
confined to a limited area around the borders of the paxillar space, 
leaving much of the disk and a conspicuous radial band entirely 


140 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 


free, in having the actinal intermediate plates reduced to rudiments 
on the ray, and in having a decidedly Astropectenlike type of adam- 
bulacral armature. When the genus was instituted I thought the 
small superomarginals were of generic importance, but such has 
proved not to be the case. The curious lateral combs of inferomar- 
ginal spines and the extremely tumid plates are characteristic of the 
two species, and are an exaggeration of what occurs in some species 
of Persephonaster. If 7. evorus approaches Persephonaster in the 
superomarginals it departs even more than craspedotus in its 
Astropectenlike adambulacrals, reduced paxillae, and rudimentary 
actinal intermediate plates. 
Genus ANTHOSTICTE Fisher. 
Anthosticte FisHmr, 1911c, p. 417. Type, A. aulophora Fisher. 

Diagnosis —Near Tethyaster but distinguished by the presence of 
very deep marginal fascioles, the absence of a regular midradial 
series of enlarged paxillae, the extension of the gonads to end of ray, 
and the character of the paxillae, which are tall and slender. Supero- 
marginal plates without specialized spines; inferomarginals with a 
single transverse row of small, flattened, sharp, appressed spines; 
fascioles between marginals very deep, lined with small spinelets and 
in continuation of the actinal fasciolar channels. Abactinal plates 
stellate, the shaft of paxilla tall, slender, and crowned by a floriform 
group of slender spinelets; papulae all over abactinal surface. Acti- 
nal intermediate plates extending nearly to end of ray, and traversed, 
between marginals and adambulacrals, by deep channels; no en- 
larged actinal intermediate spines; an incipient series of odd inter- 
radial actinal plates; adambulacral plates with a very prominent fur- 
row angle and an astropectinoid armature; no enlarged subambu- 
lacral on distal portion of ray; fascioles between the adambulacral 
plates shallow and not lined with spinelets, as in Sideriaster. Tutts 
of gonads extending to end of ray. Madreporic body not concealed. 
Superambulacral plates large. Tube feet pointed, with simple rod- 
like deposits at tip. Small spiniform abactinal pedicellariae. 


ANTHOSTICTE AULOPHORA Fisher. 


Plate 17, fig. 1; plate 18, fig. 3; plate 19, fig. 2; plate 38, fig. 3; plate 39, 
figs. 1, la-d. 


Anthosticte aulophora FisHeEr, 1911¢, p. 417. 


Diagnosis—Rays 5. R=162 mm., r=34 mm., R=4.76-+-r; breadth 
of ray at base, 40 mm., at tenth superomarginal, 29 mm. Disk mod- 
erate, rays long, rather narrow beyond interbrachium, tapering very 
gradually to a bluntly pointed extremity; sides of ray and disk 
evenly rounded; abactinal surface slightly convex; paxillae fairly 
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close-set and large, floriform, with slender tall pedicels; supero- 
marginals without special spines, but with small spiniform pedicel- 
lariae; inferomarginals with transverse series of 2 to 5 small ap- 
pressed spines; marginal fascioles very deep and separated by thin 
high ridges; actinal fascioles deep; actinal interradial area extensive, 
the plates with thin high keels covered with slender spinelets; fur- 
row spines usually 5, long, compressed; subambulacrals 5 to 7: mad- 
reporic body exposed; tube feet with deposits; gonads extending to 
end of ray. 

Description.—Paxillae fairly compact, and touching, with a slen- 
der, tall pedicel crowned by a floriform group of 15 to 20 peripheral, 
and 5 to 15 or even more central, terete, blunt spinelets, the latter 
often in a compact group resembling a pedicellarian apparatus, the 
former radiating like the rays of a composite flower. On most of 
the paxillae 2 to 4 central spinelets are slightly modified with broader 
tips, and form actual pedicellariae. The paxillae are unusually 
uniform in size, and are only shghtly smaller at the end of the rays. 
The largest seem to be those of the interradial areas of disk and prox- 
imal third of ray, those of center of disk and adjacent radial areas 
(as far as base of ray) being slightly smaller. 

The slender pedicels spring from 6-lcbed (stellate) plates, these 
without definite order on center of disk and midradial region, but 
elsewhere in oblique transverse rows parallel to interradius. On 
the ray these series are slightly spaced, and consecutive plates of a 
row barely touch. In the midradial area the plates sometimes touch 
or are separated. There is no definite radial series of plates as in 
Tethyaster subinermis. Papulae distributed all over abactinal sur- 
face, as in Dipsacaster (not absent from midradial line or center of 
disk), single, 5 or 6 about each plate. 

Marginal plates of the two series corresponding, with unusually 
deep fasciolar channels separated by thin high ridges, each of which 
is composed of the elevation of a combined superomarginal and in- 
feromarginal plate and is thinner than the intervening channels. 
The height of this ridge above the bottom of the channel equals 
about one-half the dorsoventral dimension of the combined marginal 
plates. Superomarginals forming a rounded bevel as in 7'ethyaster 
subinermis, covered with short, clavate, papilliform spinelets, becom- 
ing slenderer on edge of grooves. Most of the plates bear 1 to 3 
pedicellariae, composed of a couple of slightly modified spinelets, 
stouter than the others. Sometimes the pedicellaria is pectinate with 
4 to 6 spinelets. These pedicellariae closely resemble those of the 
paxillae, but are larger. Spinelets in grooves very numerous and 
delicate. Superomarginals, about 80. Terminal plate heart-shaped 
from above, broader than long, and with a shallow notch at both 
ends. The superomarginals underlie the proximal half. 
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Inferomarginals projecting slightly beyound superomarginals on 
outer part of ray, and forming a rounded bevel to margin of actinal 
surface, being about one and one-half times wider than upper series. 
They are covered with a transverse series of 2 to 5 (usually 2 or 3 
distally, and 2 to 4 proximally) small, flat, lanceolate, sharp, ap- 
pressed spines and numerous shorter, slenderer, slightly flattened, 
blunt spinelets, which on median line of plate are much longer than 
those of superomarginals. The spinelets iiing the deep fascioles 
are similar to those of upper series. At the upper end of nearly all 
the inferomarginals, close to the lower or outer margin of the supero- 
marginal, is a pedicellaria with 2 (less often 3 or 4) blunt, slightly 
tapered or often clavate spiniform jaws. These pedicellariae are 
larger than those of the superomarginal plates. 

Actinal interradial areas fairly large, but rather abruptly narrow- 
ing at base of ray, along which two series of intermediate plates 
extend two-thirds of its length, while one series continues nearly to 
the extremity. Between the first inferomarginal and the second 
adambulacral the series contains 7 to 9 plates. There is an in- 
cipient odd interradial series of actinal intermediate plates. Be- 
hind the mouth plates there is a pair of plates, and from between the 
outer ends of these extends an odd series of 2 or 3 plates, the whole 
being wedged between the inner ends of the series leading from 
the first inferomarginals to the second adambulacral. The odd 
series is quite inconspicuous. Deep channels lead from the mar- 
ginal fascioles to the fascioles between the adambulacral plates, 
these being separated by single rows of intermediate plates. 
The marginal and adambulacral plates do not correspond, however. 
At the base of furrow the latter are slightly more numerous, while 
in the middle third, the former; distally they correspond. The high 
keel of the intermediate plates which forms the ridges between the 
channels is covered with slender, long, terete, or slightly swollen, 
blunt spinelets directed toward ambitus, and similar to those of inner 
end of inferomarginals. The channels are not lined with spinelets, 
as are the marginal fascioles, but they are thickly roofed by terete, 
delicate spinelets, smaller than those on the exposed edge of the keel. 

Adambulacral plates astropectinoid, with an acute furrow angle, 
bearing a compressed blunt saber-shaped spine, and on either side of 
this, two strongly compressed rather slender blunt spines. Some- 
times a third is added, making the total 5 to 7. Surface of plate with 
5 to 7 more cylindrical, slender, blunt spines, one forming a series 
with the second Jateral furrow spines, the rest disposed in about two 
longitudinal series behind this, the laterals of the first series often 
standing on margin and making on either side the supernumerary 
furrow spines. The plates are wider than long, well spaced, with a 
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shallow channel between, over which extend several to many small 
terete spinelets belonging to the transverse margins of plates, and 
not calculated in the above spine counts. 

Mouth plates prominent, densely covered with spines, increasing 
in length toward inner end of plate, where, directed over actinostome, 
is a cluster of teeth. Marginals 7 or 8, distaily with flat side to fur- 
row, but at inner end of plate more knife-shaped and with edge 
thereto. 

Madreporic body exposed, medium-sized, with fine radiating striae. 
The ridges near center bear low tubercular prominences. It is sit- 
uated about one-third R from margin. 

Gonads disposed in independent tufts attached to the abactinal 
integument on either side of the median radial area and extending to 
end of ray. Ampullae strongly two-lobed. Tube feet pointed, with 
deposits at the tip in the form of small, simple, straight, curved, or 
irregular rods. Superambulacral plates well developed. 

Lype.—Cat. No. 28656, U.S.N.M. 

Type-locality.—Station 5420, between Cebu and Bohol (lat. 9° 49’ 
35’” N.; long. 123° 45’ E.) ; 127 fathoms; bottom temperature, 59° F. 

Distribution.—Known only from the type-locality. 

Remarks.—The genera Moiraster, Tethyaster, Sideriaster, and 
Anthosticte agree in having unarmed superomarginals, inferomar- 
ginals with a few small enlarged spines, naked madreporite, large 
actinal interradial areas, and intermediate plates far along ray, 
marginal and actinal fascioles, true paxillae, stellate abactinal 
plates, an astropectinoid adambulacral armature, and probably also 
in having the single papulae uninterrupted all over the dorsal 
surface. The first two seem to be a little more closely related than 
either is to the last two, while Sideriaster and Anthosticie are pos- 
sibly also nearly related. Unfortunately there is but one species 
in each genus, and it is difficult to ascertain what characters are 
of generic importance. Applying the standards used in other and 
larger genera, Anthosticte differs from Tethyaster chiefly in having 
very deep marginal fascioles, gonads to the end of the ray, and no 
midradial series of enlarged paxillae. Anthosticte has taller and 
more delicate paxillae, but this may not be of generic importance. 
Its special points of agreement in addition to the characters listed 
above are the deposits in the tube feet (not recorded for A/oiraster 
and Sideriaster) and shallow interadambulacral fascioles and an 
incipient odd interradial series of actinal intermediate plates, less 
prominent and regular than in Z'ethyaster. 

Anthosticte differs from Sideriaster Verrill in having very deep 
marginal fascioles, shallow interadambulacral fascioles, no distally 
enlarged subambulacral spine. Neither the deposits in the tube feet 
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nor the gonads of Sideriaster are described—one of the unfortunate 
results of drying unique specimens. I do not know whether Sideri- 
aster has the incomplete unpaired interradial series of actinal in- 
termediate plates. The fascioles between the adambulacral plates, 
which I examined in the type-specimen, form one of the most 
striking features of the genus. They are densely lined with small 
delicate spinelets, and are therefore similar to marginal fascioles. 
Such is not the case in Anthosticte, Tethyaster, or Moiraster. 

The distribution of gonads and deposits of tube feet are unknown 
in Moiraster. Koehler describes the marginal fascioles as “peu 
profonds,” while Sladen says they are deep, but the discrepancy 
is only apparent, for Sladen knew no genera with very deep 
fascioles, such as Vipsacaster. Anthosticte differs from Moitraster 
in respect to the marginal fascioles and the thin elevated inter- 
vening ridges of the marginal plates. The inferomarginal and 
actinal spinelets of Anthosticte are slender, and not flat, spatulate, 
and chisel-shaped. No pedicellariae are described for Moiraster. 
if the gonads are found to extend to the end of the ray, it may 
become necessary to unite the two genera, although the difference 
in the marginal fascioles will remain. The paxillae of Moitraster 
are probably lower than those of Anthosticte, and less delicate. 
The character of the gonads is important, and is apparently very 
reliable for generic groups, but not for higher ones. 

Tt seems better to keep Anthosticte separate rather than to unite 
it with another genus, especially-as it is not at all evident into 
which of the three groups it would go with the least disturbance. 

The following table recapitulates the characters mentioned above. 
Will some one enlighten us concerning the gonads and tube feet of 
Motraster and Sideriaster? 


Comparison of the characters of Anthosticte, Tethyaster, Sideriaster, and 
Motraster. 
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1 According to Koehler, Trans. Roy. Soc. Edinburgh, vol. 46, 1908, pt. 3, p. 631, pl. 12, 
fig. 110, this series seems to be present in an incipient form. 
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Genus DIPSACASTER Alcock. 
Dipsacaster Atcock, 1893, p. 87. Type, D. sladeni Alcock. 


KEY TO THE SPECIES OF DIPSACASTER HEREIN DESCRIBED. 


a. Paxillae with very numerous, long, slender, terete, sharp spinelets; no dif- 
ferentiated marginal spines. 

b.. Rays narrower ; odd interradial series of actinal intermediate plates nearly 

or quite reaching the margin; paxillar spinelets shorter and less deli- 

CALE REUEROWa SPINES) (MOlG S52 2 Ai e0 sare 2 ee eS nesiotes, p. 145. 

b.2 Rays broader, not narrowed at base; odd interradial series of actinal in- 

termediate plates reaching only a little more than halfway to margin; 
paxillar spines very delicate and sharp; furrow spines, 8 or 9. 

imperialis, p. 146. 

a. Paxillae with upward of 25 short, blunt, clavate, or subterete, thorny spine- 

lets; 2 or 3 small differentiated marginal spinules______ diadphorus, p. 152. 


DIPSACASTER NESIOTES Fisher. 


Plate 41, fig. 2. 
Dipsacaster nesioies FISHER 1906, p. 1026, pl. 9, fig. 3, 3a; pl. 10, fig. 2, a—b; 
pla figs 1,2. 

Specimens examined.—Two, one from each of the following sta- 
tions :* 

Station 5623, between Gillolo and Makyan Islands, Molucca Islands 
(lat. 0° 16’ 30’’ N.; long. 127° 30’ E.), 272 fathoms, fine sand, mud. 

Station 5624, near above locality (lat. 0° 12’ 15’’ N.; long. 127° 
29’ 30’ E.), 288 fathoms, fine sand, mud. 

Distribution—Hawaiian Islands and Molucca Islands, 272 to 308 
fathoms, fine sand and mud. 

Remarks.—This species was taken by the Albatross in 283 to 308 
fathoms among the Hawaiian Islands. None of the specimens were 
as large as that from station 5624, which is a veritable giant, having 
R=182 mm., r=58 mm., and R=3.14 r. The example from station 
5623 is the same size as the type. In this example the superomar- 
ginals are very slightly wider than those of type, but there is varia- 
tion among the Hawaiian specimens. The large example has nar- 
rower superomarginals even than the type, and matches a specimen 
from station 3908, Hawaiian Islands. 

A characteristic of both young and adults of this species is the 
fact that the interradial series of actinal intermediate plates very 
nearly or quite reaches the margin at the interradial inferomarginal 
suture. The rays are narrower than in most other species and usu- 
ally are narrower at base. The figure of the type shown in figure 2 
of plate 10, Hawaiian Starfishes, is a little misleading. Plate 12 is 
better. In the first figure the ray is drawn a little too broad. 

Although the species resembles Dipsacaster sladeni, 1 think it is 
perfectly distinct. The main differences are as follows: Sladen 
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has definite inferomarginal spines which form transverse series on 
the proximal plates. Alcock writes (and the figures bear him out) 
that the marginal plates correspond plate to plate. In neszotes the 
two series do not correspond, but even alternate on the outer part of 
ray. The actinal intermediate plates of neszotes are not very strongly 
carinated, but the character is such a comparative one that it would 
be difficult to apply without direct comparison of specimens. The 
furrow spines of sladeni are “ needlelike,” but in nesiotes very con- 
spicuously compressed and bladelike. The subambulacral spines 
can scarcely be said to form a “ rosettelike or paxillalike group of 
about 12.” There is a very definite longitudinal series, just back of 
the furrow spines, of 3 to 5 shorter, terete tapering spinules, and 
back of this 12 to 18 spinules in 2 or 3 irregular series, or more or less 
scattered. They do not suggest a rosette or a paxilla and are more- 
over more numerous than in sladeni. The interbrachia of nesiotes are 
more open and rounded, owing to the peculiar form of the rays. 


DIPSACASTER IMPERIALIS Fisher. 
Plate 82, figs. 1, 2; plate 40, figs. 1, 1a—b; plate 41, figs. 1, 1a. 
Dipsacaster imperialis FISHER, 19170, p. 89. % 


Diagnosis—Differing from PD. nesiotes Fisher in having broader 
rays, more delicate, longer, and sharper paxillar spinelets; in 
averaging 1 or 2 more true furrow spines to the plate, and in 
having an odd interradial series of actinal intermediate plates 
which reach only a little more than half the distance between outer 
end of combined mouth plates and inferomarginals. Differing from 
D. sladeni Alcock in respect to the inferomarginal spines, which are 
smaller and do not form a definite transverse series, especially on the 
proximal plates; in having the distal marginals alternating, instead 
of opposite, and in having more numerous actinal intermediate plates 
on the ray, the second longitudinal series extending to the twenty- 
third or twenty-fourth inferomarginal, and the third extending to 
the sixteenth R=160 mm., r=55 mm., R=3 r; breadth of ray 
at base, 62 mm. Rays broad at base, tapering from arcuate inter- 
brachia, at first rapidly then more gradually to a subacute extremity. 

Description.—The ray is a little broader at the base than in sladeni, 
the interbrachia more rounded, and the tip more pointed. The bor- 
der formed by the marginal plates is wider, so that on the outer part 
of the ray the paxillar area is no broader than in sladent. ‘The pax- 
illae are fairly uniform in size on the disk, though a trifle smaller 
at the center than midway to margin; from the latter point they 
decrease gradually as the margin is approached. The paxillae have a 
fairly stout, high, convex pedicel, which is broader at the summit 
than at the surface of the integument, and is crowned with a brush- 
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like group of very many, very sharp, slender spinelets. About 85 
were counted on an average large paxilla from the disk, and the 
peripheral spinelets, which are blunt and only about one-fifth the 
length of the others, form 1 or 2 cycles covering the bases of the 
outermost spinelets. The height of the brush about equals that of 
the pedicel, and the spinelets are usually bent inward. The inner 
ends of the paxillae are small, so that when seen from the coelomic 
side they appear to be well spaced. The paxilla is expanded into a 
sort of flange above the lower end, this representing the “ plate.” On 
the sides of the paxillar area the contour of the plate is elliptical, 
sometimes with notched ends; on the radial area the plates are 
roundish, with here and there short lobes. Papulae distributed all 
over disk, without interruption at the radial line, where each area 
may have 1 to 3 papulae. Between the lateral oblique rows of pax- 
illae the papulae form a regular zigzag series (1 to an area); but at 
base of ray and on disk they are arranged with 5 or 6 around any 
one plate. 

Superomarginals 38 to 40, the first being about 2.5 times as wide as 
long, while at middle of ray the breadth is about 1.2 times that of 
length. In this respect the plates resemble those of nestotes and 
sladeni and differ from those of D. grandissimus Goto. The trans- 
verse fascioles are very narrow, and appreciably shallower than in 
nesiotes. The surface of the plates is covered with a fine nap of 
small, sharp, delicate, appressed spinelets, like those of the paxillae, 
except in the middle of the plate, where they are only about half as 
long. 

Inferomarginals extending laterally beyond the superomarginals 
and defining ambitus, forming a border about half as wide as the su- 
peromarginals. The abactinal surface is covered with spinelets like 
those of the superomarginals while the actinal surface is beset with 
shorter and thicker, very small, sharp, subconical, slightly squami- 
form spinelets, converging and increasing in length toward the 
aboral, marginal tumidity of the plate where there is a tuft of con- 
spicuous spinelets as in D. nesiotes, 5 to 8 tapering, rather stout, and 
often sharp spinelets being of predominant size. 

Actinal interradial areas large, tapering off gradually along the 
ray. The series adjacent to adambulacrals extends as far as the thir- 
teenth to thirty-second inferomarginal or nearly to end of ray. The 
second series extends to the twenty-third or twenty-fourth, or three- 
fourths the length of ray, the third series to about the sixteenth 
inferomarginal or nearly half the length of ray. The front series ex- 
tends to the eighth plate, or a fifth the length of ray, while a fifth 
series extends to the sixth plate. Between this point and the first 
plate the plates in each interradial series increase in number from 
5 to 10. Back of the mouth plates is a pair of intermediate plates, 
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and from these the odd series, containing 4 plates, reaches about half- 
way to the marginal plates. The intermediate plates have a convex 
ridge, not very high, bearing numerous lanceolate appressed squami- 
form spinelets, increasing in size toward the furrow. 

Adambulacral armature: Furrow spines 8 or 9 (7 far along ray) 
rectangular in section, compressed, bluntly pointed, lanceolate in 
contour, the edge to furrow. The median 2 or 3 spines are a little 
longer than the base line of the series; the others are increasingly 
shorter toward either end of series. Subambulacral spines 25 to 30. 
Four to 6 slender, tapering, somewhat flattened, sharp spines, about 
two-thirds as long as the furrow spines, form a regular series just 
back of the furrow series. The remaining spinelets are much shorter 
and form 2 or 3 irregular longitudinal series, with several spinelets 
out of line, or there may be no definite arrangement. 

The denuded mouth plates have a narrower inner end than in D. 
nesiotes, which has the actinostomial angle of the combined plates 
broad and rounded, very much as in D. grandissimus (Goto, 1914, 
pl. 8, fig. 187). The margin bearing the oral spines is longer than in 
nesiotes and grandissimus, especially in proportion to the edge ad- 
jacent to first adambulacral, while the angle formed by the posterior 
ends of the two plates is wider and extends farther inward than in 
either of the two forms mentioned. (See pl. 41, fig. 1a.) 

Marginal mouth spines 10, similar to those of the adambulacral 
plates, but heavier toward the inner end. The convex surface is be- 
set with numerous short, thick, granuliform spinelets, increasing 
in length at the inner end of the plates. Two or 3 flattened granuli- 
form spinelets form a very simple pedicellarian apparatus over 
the median suture, near outer end of.the plates. 

Madreporic body large, 12 mm. in diameter, situated 14 mm. 
from inner margin of superomarginal plates and concealed by about 
25 large paxillae standing on its surface. 

Type.—Cat. No. 37087, U.S.N.M. 

Type-locality—Station 5115, Verde Island Passage, north coast 
of Mindoro, 340 fathoms. 

Distribution—Known only from the type-locality. 

Remarks.—Dipsacaster imperialis is related rather closely to four 
species—D. nesiotes, D. sladeni D. grandissimus,? and D. laetmo- 
philus The nearest relative seems to be D. nesiotes, although I have 
not been able to make comparisons directly with specimens of 
D. grandissimus. The squarish superomarginals characterize sda- 
deni, nesiotes, imperialis, and laetmophilus, while grandissimus 


1 Alcock, 1893, p. 87, pl. 5, figs. 83 and 4; Andaman Sea, 250 fathoms. 
° Goto, 1914, p. 252, pl. 8, figs. 186-139; pl. 9, figs. 140-141; off Misaki, Japan, 840 
meters. 

8 Fisher, 1911d, p. 95, pl. 12, fig. 3; pl. 15, figs. 1, 2; pl. 52, figs. 3, 3a, 3b; pl. 53, 
fig. 2; south of Alaska Peninsula, 695 fathoms. 
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has these plates conspicuously broader than long on the rays. 
D. sladeni has larger inferomarginal spines which tend, at least 
proximally, to form transverse series, and differs in this respect 
from the other four. In addition to the differential characters men- 
tioned in the diagnosis, )). tmperialis has more subambulacral 
spines than s/adeni (in which there are 12), and the latter has more 
elevated actinal intermediate plates. According to the description 
“each plate has the appearance of a very large, compact, and beauti- 
fully expanded glomerular paxilla, owing to the fact that the 
central carina of the plate bears a multitude of stiff, radiating spine- 
lets arranged like the florets of a composite flower.” In imperialis 
the elevated portion of the plate is too broad and the spinelets are 
too short to give this appearance; rather the mostly four-cornered 
plates look as if covered with squamiform granules. 

In DP. laetmophilus the rays are broader, with a distally wider 
paxillar area. The superomarginals are narrower, with deeper 
fascioles, and they correspond to the inferomarginals on the outer 
part of the ray (as in sladeni). The adambulacral furrow spines 
are 7, thinner and more bladelike. 


The principal differences between this species and grandissimus 
are contrasted below in parallel columns. 


D. grandissimus. 


Rays shorter and blunter, with a 
subangular interbrachium. R=2,.5 r; 
in figure a little less. 


Superomarginals from near middle 
of ray outward nearly twice as broad 
as long. 

Inferomarginals uniformly covered 
with a thick coat of very fine, some- 
what flattened spines of a silky ap- 
pearance. 


One of the larger paxillae near mid- 
dle of disk with 45 spinelets. 


Actinal intermediate plates 185 to 
each of the 5 areas; actinal spinelets 
very small, exactly like those of the 
inferomarginal plates. 


15484—Bull. 100—19——11 


D. imperialis. 


Rays longer and sharper, with wide 
arcuate interbrachia; hence rays are 
narrower a short distance above base; 
R=less than 3 r. 

From proximal fifth of ray outward 
plates only slightly broader (1.2) than 
long, 

Actinal surface of inferomarginals 
covered with very small, sharp, sub- 
conical and slightly squamiform, spine- 
lets directed toward the ambitus and 
increasing in size toward the outer 
tumid margin where a tuft is enlarged 
on the aboral border. At the base of 
ray 5 to § tapering sharp spinelets are 
obviously of predominant size. 

One of the larger paxillae from disk 
with 85 spinelets (some with fewer, 
some with more). 

Actinal intermediate plates (in 
slightly larger specimen) 260 ; actinal 
spinelets swollen, papilliform, bent to- 
ward the ambitus, and more or less 
squamiform, with a broad, lanceolate 
contour and a rounded or pointed tip. 
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Subambulacral spines about 20. Subambulacral spines 25 to 35, usu- 
ally 25 to 30. 

Mouth plates where denuded with a Mouth plates where denuded with a 

broad rounded inner end to the com- narrow inner end to the combined pair 


bined pair and no appreciable angle and a longer spine bearing furrow 

between the outer ends; spine bearing margin; a conspicuous deep angle be- 

margin adjacent to furrow, shorter. tween the diverging outer ends of the 
plates. 


Dipsacaster pentagonalis Alcock, also from the Andaman Sea, 
differs in having conspicuous inferomarginal spinules and an enlarged 
subambulacral spine. 

Dipsacaster magnificus (H. L. Clark)? is probably closely related 
to D. imperialis. Clark’s type is of about the same size as that of 
imperialis, the measurements being R, 155 mm., r. 50 mm., R=3 r, 
breadth 45 to 50 mm. 

The species of Dipsacaster lack large spines or other prominent 
tangible features for comparison, so that distinct forms may have 
a close superficial resemblance. This is the case with D. magnificus. 
In general appearance it greatly resembles tmperialis, but judging 
from Clark’s careful description the following differences exist: 

Although magnificus is slightly smaller its madreporic body is 
2 mm. broader, carries 50 instead of 25 paxillae on its surface, and 
is 9 instead of 14 mm. from the inner margin of the superomarginal 
plates. The latter are 46 or 47 instead of 39 or 40 in number. They 
are thus smaller than in imperialis. Of the inferomarginals Clark 
says: “Inferomarginals correspond in number and position with the 
superomarginals, but are much larger and project conspicuously 
beyond them; the interradial ortes are 2 mm. long by 9 mm. wide 
(8 mm. wide in 7mperialis), while those near the.middle of the arm 
are 8 mm. by 6 mm. (4 by 5.2 in ¢mperialis) ; their covering consists 
of a close coat of short, flattened, blunt spinelets, much coarser than 
those on the superomarginals.” In imperialis the spinelets are short, 
sharp, subconical, slightly squamiform, in general not much larger 
than the superomarginal spinelets except for a tuft on the aboral 
tumidity of each plate, these tufts giving a serrate appearance to 
the ambitus. Clark does not mention these enlarged spinules, and 
they are not discernible in the figures. The paxillae are a little 
larger than in magnificus, the glomerular tuft at the top being 1.5 
mm. in diameter on the disk, where the spinelets are compact. There 
are 30 or 31 oblique transverse rows of paxillae meeting the first 10 
superomarginals, or 8 to a plate (usually 2, but sometimes 3 in 
magnificus). In imperialis the oblique transverse series of plates 
on either side of the midradial line are very distinct. The plates 


1 Lonchotaster magnificus Clark, 1916, p. 30, pl. 6, figs. 1 and 2; Great Australian 
Pight, 80-120 fathoms. 
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virtually form chevrons pointing toward the center of disk, but the 
apexes of the chevrons are not defined, because the regularity of the 
plates is interrupted along the radial line, as is characteristically 
the case in Dipsacaster. There are no means of comparing the form 
of the mouth plates, which would probably give valuable data. 
While no record is made of the internal anatomy of magnificus, I 
think there is little doubt that it is a typical Dipsacaster. 

Lonchotaster forcipifer Sladen is based on what is probably an im- 
mature specimen. JL. tartareus is the first species mentioned, and 
may serve as the genotype, since none was designated. The genus, as 
based on ¢artareus, appears to be a near relative of Dytaster. There 
is a small spine on each marginal plate, and one on most of the actinal 
intermediate plates. (See Sladen, 1889, pl. 16.) 

in this connection it might be well to state the characters which 
differentiate D. sladeni and D. laetmophilus, two forms very similar 
in general habit. I have compared specimens. 


D. laetmophilus. D. sladeni. 


. 


Spinelets of inferomarginals uni- 
formly very slender and_ spiculiform: 
on the actinal surface, except for a 
few enlarged ones at outer end of 
plate. 


Spinelets of inferomarginals flat- 
tened and narrow-squamiform on 
actinal surface, becoming rather 
broadly squamiform on the plates of 
proximal third of the ray. These 
spinelets overlap and become larger 
from the inner edge toward the am- 
bitus. 

Raised ridge of inferomarginal 
plates (at middle of ray) when de- 
nuded has the breadth of the actinal 
face 3 or a little over 3 times the 
length of the inner end of this ridge, 
while the outer end (that defining 
ambitus) is bent slightly distad. 

Actinal intermediate plates very 
narrow in the interradial region, the 
interradial dimension at least twice 
the other, sometimes 3 or 3.5; the 
fasciolar grooves separating these 
plates are wide and clearly marked 
(as wide as denuded tabulum of ad- 
jacent plates). 

Central spinelets of actinal inter- 
mediate plates decidedly thicker than 
the peripheral in the interradial re- 
gion, and somewhat squamiform and 
appressed. 


The extreme breadth of the actinal 
aspect of ridge is about 2 times the 
length of the inner end, while the 
outer end is not bent distad., 


Tabulum of actinal intermediate 
plate not so compressed, and grooves. 
more or less masked by _ spinelets. 
The actinal plates are fewer, but, in 
proportion to width of inferomargi- 
nals are larger. 


Central spinelets not thicker than 
the peripheral, but slender and radi- 
ating. 


Abactinal plates of lateral regions 
of area roundish, not strongly lobed. 


Abactinal plates of lateral regions 
of area strongly lobed, those of me- 
dian radial region slightly scalloped. 
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DIPSACASTER DIAPHORUS Fisher. 


Plate 12, fig. 3; plate 28, fig. 2; plate 29, fig. 2; plate 31, fig. 1; plate 41, 
figs. 3, 3a—e. 


Dipsacaster diaphorus FisHER, 19134, p. 622. 


Diagnosis —Similar in form to ), sladeni, but differing in having 
short, thick, clavate, or subterete thorny paxillar spinelets, more 
numerous adambulacral spinules, a small madreporic body and less 
conspicuous marginal spinules; all the shorter spines and spinelets 
thorny; paxillae with 20 to 25 spinelets; furrow spines § or 9, very 
slender, pointed, slightly compressed; subambulacral spinules, 15 
to 20 in series or forming a sort of rosettelike group on the convex 
surface of plate; madreporic body small. Rays rather slender, 
disk large, interbrachia abruptly rounded. R=31 mm., r=10 mm., 
R=3 r+; breadth of ray at base, 11.5 mm. 

Description —Paxillar area compact. Paxillae comparatively 
large, largest laterally at base of ray and adjacent interradial regions 
of disk; smaller in center of disk. Pedicels rather short, crowned by 
‘a capitate group of 20 to 25 thick clavate or cylindrical round-tipped 
minutely thorny spinelets, about as long as the pedicels, and rela- 
tively fewer and thicker than usual in this genus. Abactinal plates 
relatively large and close-set, those of the disk roundish, with some- 
times an indication of lobing, becoming broadly elliptical on the 
radial line and somewhat four-sided or subelliptical laterally. The 
papulae are absent from center of disk and midradial line, but this 
is very likely due to the small size of specimens. In the specimen 
from station 5423 many of the paxillae have the spinelets closely 
appressed and with slightly larger tips, resembling a simple pedi- 
cellarian apparatus. 

Superomarginals 23, abactinal in position, nearly square except in 
the interbrachia, and covered with slightly spaced spinelets similar to 
those of the paxillae, though a trifle stouter on the exposed median 
area of the plate. Fascioles wide and moderately deep. ‘Terminal 
plate broader than long, saddle-shaped, with a wide, deep notch 
toward the paxillar area. 

Inferomarginals extending laterally beyond the superomarginals 
and corresponding to them, plate for plate; in width about equaling 
the length of 2 with intervening fasciole. Plates covered with 
spaced, appressed, slender, sharp, sometimes flattened and squami- 
form spinelets, becoming a tuft of longer spinules on the outer 
end. Two or three of these are larger than the rest, arranged in a 
transverse series and similar to the lateral spines of LD. sladeni, 
though less conspicuous. 

Actinal interradial areas only moderately large; the plates in a 
larger and more mature specimen would probably extend farther 
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along the ray. One series extends to tenth inferomarginal, or a 
little less than half the length of ray; a second extends to fourth 
or fifth: and a third extends to the third inferomarginal. An odd 
interradial series of about 4 plates extends from the pair of plates 
back of the jaws to the margin. The plates have fairly high ridges 
crowned by 15 or more slender, very thorny spinelets, larger at the 
tip than at base, and longer than the inferomarginal spinelets. 

Adambulacral plates slightly convex. Furrow spines, 8 or 9, 
long, slender, tapering, pointed, and slightly compressed, but not 
forming a wide blade as in the foregoing species, the 3 or 4 median 
the longest (considerably longer than plate) and the others gradu- 
ated in length toward either end of series. Subambulacral spinules 
15 to 20, much shorter, thorny, thickest at tip, and graduated in 
length from the curved series of 5 to 7 back of furrow spines to 
the outer edge of plate where the spinelets are equal and similar to 
those of actinal intermediate plates. The spinules nearest the fur- 
row series are about two-thirds as long as the furrow spines, and 
the lateral and outer margins of plate are armed with spinelets, 
giving the appearance of a rosette on some plates. The subambu- 
lacral spinules form about 3 longitudinal series, but often outside 
the first series a regular arrangement is not discernible. 

Mouth plates with a marginal series of 8 or 9 long, slender, mar- 
ginal spines, in a curved series, similar to the furrow spines, in- 
creasing in length toward the inner angle where they are consid- 
erably larger than the furrow spines. Suborals on the inner end 
of plate nearly as long as the marginals, and thence decreasing in 
length outward until they are subequal to the actinal intermediate 
spinelets. They are numerous in about 3 series parallel to median 
suture. 

Madreporic body small for the genus, about its own diameter from 
the margin and overhung by 3 or 4 large paxillae. 

Type.—Cat. No. 30530, U.S.N.M. 

Type-locality Station 5526, between Siquijor and Bohol Islands, 
Philippine Islands, 805 fathoms, green mud and globigerina, bottom 
temperature 52.3° F.; 1 specimen. 

Distribution—Sulu Sea, Mindanao Sea, and off northern Samar, 
383 to 805 fathoms. 

Specimens examined.—F ive; the type and 4 from the following 
stations: 

Station 5423, Sulu Sea, near the Cagayanes Islands, 508 fathoms, 
gray mud, coral sand, bottom temperature 49.8° F.; 1 specimen. 

Station 5445, north coast of Samar, 383 fathoms, green mud, bot- 
tom temperature 44.3° F.: 2 specimens. 

Station 5528, between Siquijor and Bohol Islands, 439 fathoms, 
globigerina ooze, bottom temperature 53.3° F.; 1 specimen. 
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Remarks.—The specimens probably are all immature, although 
the type has the gonads developed, making the generic determination 
certain. The examples from station 5445 are small, and, owing to the 
lack of development of the papulae and the low paxillae, resemble 
narrow-rayed Patagiaster. It would be difficult to distinguish the 
young of these 2 genera, since the distinction depends upon the dis- 
tribution of gonads and papulae. 

This species is similar to D. sladeni in general habit, but the 
paxillae are composed of thorny clavate spinelets which can not 
by any stretch of the imagination be called “capillary.” They are 
stouter in proportion to length than in any other oriental species. 
The marginal spines are not so well developed, and even though the 
specimens are small the adambulacral plates have 8 or 9 furrow 
spines and upward of 20 subambulacral spinules. The madreporic 
body is rather small. 


Genus PATAGIASTER Fisher. 


Patagiaster Y1rsuer, 1906, p. 1029. Type, P. nuttingi Fisher. 
PATAGIASTER SPHAERIOPLAX Fisher. 
Plate 28, fig. 3; plate 29, fig. 3; plate 41, figs. 4, 4a. 
Patagiaster sphaerioplax FisHEr, 1913a, p. 628. 

Diagnosis —Differing from P. nutiingi in having shorter, broader 
rays, larger paxillae with more numerous granules; in having the 
paxillae in a definite radial, and parallel longitudinal series; in 
having broader marginal plates and slenderer actinal spinulation. 
R=28 mm., R=12 mm., R=2.3 r; breadth of ray at base, 13.5 mm. 
Disk large, rays short, tapering from wide, rounded interbrachia to 
a pointed extremity; general form depressed; sides of ray rather thin, 
rounded. 

Description —Paxillar area very compact, the paxillae crowded 
and large. The smallest paxillae are on the central portion of disk, 
in a circle with a radius of about one-half r; they increase rapidly 
in size and are largest on the peripheral interradial regions and 
proximal radial areas, decreasing slightly in size toward the end of 
ray. A regular radial series is clearly discernible, the others being 
arranged parallel to this, as in Pseudarchaster and many other 
Goniasteridae. In a transverse line across the base of the ray 13 to 
15 of these series can be counted. Three series reach the end of the 
ray. The larger paxillae have a convex flaring crown with about 
30 to 40 elongate regular beadlike granules, surrounded by a periph- 
eral series of numerous, slender, short spinelets, some of which are in- 
termediate in form with the central granules. As compared with 
P. nuttingi, the paxillae of sphacrioplax are larger, not only com- 
paratively but actually, especially on the rays, and there is a smaller 
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area of small paxillae on the disk. The median radial series of 
paxillae is not easily distinguishable in nutting#, as the radial paxillae 
generally are smaller than the lateral, and not very regularly ar- 
ranged. In nuttingi there are over 20 poorly defined longitudinal 
series, as the paxillae arrange themselves more readily in oblique 
transverse series. Such an arrangement in oblique series is observ- 
able in sphaerioplax, in addition to the longitudinal series. Finally, 
the paxillae of sphaerioplax contain many more granules than those 
of nutting?. 

Superomarginal plates 19, encroaching conspicuously upon abac- 
tinal area, rather wide in the interbrachia and decreasing regularly 
and rapidly in width toward end of ray. The width of the first 
plate equals the length of 3 measured at the outer end, while at 
the tip the width only slightly exceeds the length. The plates form 
a slight bevel, and the rounded upper edge of the ray is near the 
outer end of the plate. The plates are covered with beadlike gran- 
ules and a peripheral series of slender spinelets, becoming capillary 
in the deep, narrow, fasciolar grooves. Terminal plate ovoid, gran- 
ulate. 

Inferomarginals corresponding to superomarginals and extending 
very slightly beyond them laterally, a longitudinal fasciolar furrow 
separating the 2 series. They encroach upon the actinal surface 
about as much as do the superomarginals upon the abactinal, but 
their lateral surface is slightly more extensive, so that the extreme 
width of the plates exceeds slightly that of superomarginals. The 
plates are covered with slender, papilliform, slightly appressed 
spinelets, and in addition proximally 3, then 2, and distally 1 
slender, lanceolate, appressed spinules in the median transverse line. 
The armature is similar to that of P. nuttingi, but the spinelets and 
enlarged spinules are slenderer and the latter are a little smaller. 
The interbrachial plates of both series in nuttingi are a trifle nar- 
rower and the inferomarginals project a little more laterally. 

Actinal interradial areas extensive; intermediate plates extending 
in a single series half ‘the length of furrow (to sixth inferomar- 
ginal) and in 2 series a little over a third the furrow (to third 
inferomarginal). The odd interradial series has 4 plates, and 
extends from a pair of plates back of the jaws to the interradial 
suture between the 2 first inferomarginals (as in P. nuttingi). The 
plates have a conspicuous keel and carry a paxilliform group of 15 
to 18 slender, rather long spinelets, those in center the stoutest and 
prickly at the slightly expanded tips. The spinelets are slenderer 
and longer than in P. nuttingi. 

Furrow spines slender, pointed, slightly compressed, in a regular 
comb of 6, sometimes 7, the contour of the distal margin being 
curved. Subambulacral spines, 12 to 16, slender, terete, with prickly 


156 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 


tips, 3 or 4 along either lateral margin being the smallest, and a 
series of 3 or 4 back of the furrow, nearly as long as the furrow 
spines. Three longitudinal series can usually be discerned, the spine- 
lets in the outermost series being similar to those of the actinal inter- 
mediate plates. 

Mouth plates rather narrow, forming a salient inner angle. Mar- 
ginal spines about 9, gradually increasing in size toward the inner 
teeth, which are flattened and bladelike, the outer members being 
compressed and similar to adambulacral furrow spines. The series 
is continued along the lateral margin in 8 or 10 short terete 
pointed spinelets. Suborals similar to the subambulacrals, 15 to 18 
in number, in 2 series, one along the median suture and the other 
intermediate and parallel to the outer margin but not reaching 
the inner end of the plate. 

Madreporic body small, wholly concealed, a little nearer marginal 
plate than center of disk and nearly in the middle of r. 

Tube feet with a conical button at tip. 

Type—Cat. No. 30531, U.S.N.M. 

Type-locality — Station 5178, vicinity of Romblon Island, Philip- 
pine Islands (lat. 12° 43’ N.; long. 122° 06’ 15’’ E.), 78 fathoms, fine 
sand; 1 specimen. 

Distribution—kKnown only from the type-locality. 

Remarks.—This is a well-marked species of Patagiaster, differing 
from the type P. nuttingi of the Hawaiian Islands in having shorter 
rays, larger paxillae with much more numerous granules, in having 
the paxillae arranged in very definite longitudinal series parallel to 
the radial series, which, with the adradial paxillae, are subequal to 
the lateral plates, not smaller and irregularly arranged. The mar- 
ginal plates are broader in sphaerioplax and the actinal spinulation 
more delicate. 

This genus was established for a single species, but the group is a 
well-marked one, for in addition to nuttingi and sphaerioplax, I 
have examined a third species dredged by the Albatross in Japan. 
The resemblance between this Japanese species and Pseudarchaster 
is very striking, as indeed is that of sphaerioplaw. But the pointed 
tube feet, concealed madreporic body, and the character of the fur- 
row comb are all different, the first character being the fundamental 
one which places Patagiasier in the Astropectinidae. Although the 
new species is less like Dipsacaster than is P. nuttingi, I still believe 
that the relationship is rather close. 

Patagiaster differs from Dipsacaster in having the gonads con- 
fined to the interradial regions, not festooned along the ray, in lack- 
ing papulae on the midradial region and center of disk, and in hav- 
ing the paxillar spinelets more granuliform, although this last char- 
acter is partly bridged by Dipsacaster diaphorus. It differs from 
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Plutonaster in having an odd interradial series of actinal interme- 
diate plates, and a different type of marginal armature; from J'ethy- 
aster in having the gonads confined to the interradii, and a less 
angular and less astropectenoid type of adambulacral armature. 
From Leptychaster, to which it is closely related, Patagiaster differs 
in having armed inferomarginals and a less angular and longer 
comb of furrow spines, as well as a truly concealed madreporic body. 
In Leptychaster the testes are serially arranged along either side of 
the ray, while the ovaries are strictly interradial and in a single 
tuft on either side of the interradial septum. 


Genus KOREMASTER Fisher. 


Koremaster (subgenus) FisHrer, 1918a, p. 623. Type, Dytaster (Korem- 
aster) evaulus Fisher. 

Diagnosis —Differs from typical )ytaster in having a very weak 
abactinal integument, Astropectenlike paxillae with well-developed 
pedicels and relatively long, slender spinelets; and in having the 
marginal fascioles well developed. Pediceilariae, marginal armature, 
and adambulacral armature, gonads, and alimentary system as in 
Dytaster. An odd interradial series of actinal intermediate plates, 
often irregular, is present, and the madreporic body is smaller and 
less densely covered with paxillae than in )y/aster. 


KOREMASTER EVAULUS (Fisher). 
Plate 33, fig. 2; plate 34, fig. 2; plate 40, figs. 2, 2a—e. 
Dytaster (Koremaster) evaulus FisHErR, 19138a, p. 623. 


Diagnosis —Rays 5. R=62 mm., r=15.5 mm., R=4 r; breadth 
of ray at interbrachium 19 mm., at tenth superomarginal 9 mm.; 
interbrachium arcuate or rounded-angular; rays arcuately taper- 
ing and narrow beyond the basal fourth; abactinal integu- 
ment inflated; paxillae well developed, often penicillate, with fairly 
tall pedicels and slender, pointed, thorny spinelets; abactinal, glo- 
bose pedicellariae; well-developed marginal fascioles; marginal 
plates small, blocklke, with a stout conical spine; actina! inter- 
mediate pedicellariae; furrow spines much compressed, 7 or 8; sub- 
ambulacral spines, 6 to 10, 1 being enlarged; usually 1 or 2 sub- 
ambulacral pedicellariae; first adambulacral plate compressed ; mar- 
ginal mouth spines much compressed. 

Description—Abactinal integument rather thin, inflated. Paxil- 
lae fairly uniform, not crowded, with well-developed pedicels on 
disk and proximal half of ray, becoming low and Dytaster-like on 
the outer part. Largest paxillae are on the madreporic body, but 
aside from these the next largest are found in the interradial regions 
and adjacent portion of the proximal half of ray, the smallest 
paxillae being on center of disk, midradial line, and distal half 
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of ray. The difference in size is not great until the outer third of 
ray is reached. The spinelets are slender, tapering, and pointed, 
and are slightly shorter to slightly longer than height of pedicel, 
the latter being the variable feature. Usually they are borne in a 
brushlike tuft, but sometimes radiate apart. A large paxilla has 
15 to 20 spinelets, of which 8 to 5 stand on the convex top of the 
pedicel and the others, with a slight basal web, form a peripheral 
series. The distinction between the two sets is not sharp. When 
dried, the spinelets are glassy in appearance and minutely thorny; 
and the paxillae resemble, on a small scale, those of Crossaster 
papposus. 

Scattered over the paxillar area and occurring rather commonly 
around the border, are lower paxillae bearing globose pedicellariae 
composed of 8 to 5 scalelike granules, or very low, broad, convex 
squamiform papillae. The pedicellaria resembles a large globular 
granule split nicely into 8 to 5 sections. 

Abactinal plates of ray have a generally broadly elliptical out- 
line, but are irregular and often indented or scalloped. They are 
spaced, except at end of ray and center of disk. Papulae, 4 to 6 
about each plate, absent from end of ray and center of disk. 

Marginal plates rather small, regular, opposite, and square, as 
seen from side, and forming a perpendicular lateral face to ray. 
They are separated by pronounced and abrupt, vertical fascioles, 
lined with delicate spinelets. Superomarginals, 37 to the ray, en- 
croach very slightly upon the paxillar area, and, as seen from above, 
are of about the same width throughout the series, this equaling 
about one-half the height of the plates proximally, while distally 
the height gradually lessens and becomes equal to the width. The 
plates form an evenly rounded edge to the dorsal surface, and 
each bears on this rounded margin between the dorsal and lateral 
faces an erect, stout, conical, sharp spine 3 mm. long proximally 
(or equal to 2 plates in length). Sometimes the spine is shorter. 
The spinelets covering the plate are very similar to the paxillar 
spinelets, delicate, tapering, or slightly swollen and sharp; and 
when dried they are thorny, as are all the spines and spinelets. 

Inferomarginal plates encroach conspicuously upon actinal sur- 
face, the actinal facet of the plate being wider than the lateral in 
the interbrachium and about equal on distal half of ray. The cover- 
ing of the plates is similar to that of the superomarginals, and simi- 
larly on the angle between the actinal and lateral facets of plate is a 
conical sharp spine subequal to or proximally a trifle larger than the 
corresponding superomarginal spine, the series being very regular, 
and the length decreasing toward the extremity of ray. 

Terminal plate as seen from above broadly arrow-shaped with a 
deep indentation equal to half its length on the proximal side and 
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bearing on the rounded tip a stout, sharp central spine with one on 
either side, and between them numerous accessory sharp, slender 
spinules. 

Actinal interradial areas large, but owing to the narrowness of 
rays the plates do not extend beyond the eighth inferomarginal, or 
about a fourth the length of ray measured along side. They are 
arranged in not very regular series extending from the adambulacrals 
to margin, toward which the plates diminish in size. There is an 
odd interradial series. The plates are externally irregularly po- 
lygonal to roundish, with a central eminence crowned by a con- 
spicuous low pedicellaria, similar in structure to those of the abacti- 
nal surface, but much larger, and composed of from 4 to 8 low, 
broad, swollen, blunt papillae, surrounded by a circle of several 
slender spinelets. The pedicellaria resembles, in miniature, the bud 
of a flower with fleshy petals, except 1 or 2 near the mouth plates, 
which are pectinate. On the ray the pedicellariae have sometimes 
slightly longer jaws. The figure will better show the form. Here 
and there are plates without pedicellariae, capped by a group of 
divergent slender spinelets. In the small specimen from station 
5601 the pedicellariae are much fewer. 

Adambulacral plates narrow, being much longer than wide, with a 
rounded furrow margin bearing 7 or 8 fairly long, bluntly pointed, 
compressed spines, widened and bladelike at the base, and some- 
times rather abruptly constricted near the tip, the median spines 
being slightly the longest and all forming a vertical comb. Close 
to these on the surface of the plate is an irregular longitudinal 
series of 6 to 10 cylindrical, pointed spines, of which 1, near center, 
is much enlarged and subequal to the furrow spines or sometimes 
jonger, while the rest are graduated in size toward either end. But 
on the outer part of the ray the other spines are abruptly smaller, 
one-half to two-thirds the length of the larger, and not clearly ar- 
ranged in a series. Most of the plates bear a prominent pedicellaria 
with usually 3 jaws (slightly longer than those of interradii) and 
usually situated at the aboral end of plate. Many -plates bear a 
second pedicellaria, sometimes slightly smaller than the other, near 
the middle or the adoral end. The specimen from station 3601 — 
seldom has an adambulacral pedicellaria and the number of sub- 
ambulacral spines is therefore greater (8 to 12). The furrow spines 
are not widened at the base; perhaps this is an attribute of age. 
First adambulacral plate somewhat triangular and compressed. 

Mouth plates convex actinally, the combined pair projecting into 
actinostome for half their length, and broader at outer than at 
inner end. Furrow spines 7, the inner heavy and compressed, and 
much larger than the adambulacral furrow spines. They are broken 
in the type, but they decrease in size toward the first adambulacral, 
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and the series is continued along the adambulacral margin by a 
number of smaller, cylindrical, pointed spines. Numerous similar 
spines cover the surface of the plates forming 2 or 3 irregular series. 

Madreporic body 5 mm. in diameter, or one-third minor radius, 
and situated less than its own diameter from margin of paxillar 
area. Fine, irregular striae proceed from near the center. About 
15 paxillae spring from the surface. 

Color in alcohol, bleached yellowish. 

Tube feet rather large, pointed, but with a small conical knob at 
the tip; no deposits. 

Type—Cat. No. 30532, U.S.N.M. 

Type-locality Station 5606, Gulf of ‘Tomini, Celebes, 834 fath- 
oms, green mud. 

Distribution.—Known only from Gulf of Tomini, Celebes. 

Specimens exwamined.—The type and a specimen from station 5601, 
Gulf of Tomini, Celebes, sand, globigerina, and pteropods. 

Remarks —This species is remarkable for the typical paxillae and 
well-developed marginal fascioles. Among the species of Dytaster 
dredged by the Challenger it shows most resemblance to /). spinosus, 
but has perpendicular sides to the ray, taller and more penicillate 
paxillae, and characteristic pedicellariae. 2. aequivocus Sladen is a 
very immature form from the Arafura Sea, west of the Aru Islands, 
800 fathoms. On this account it can not be compared with Aorem- 
aster evaulus. 

The genus “Crenaster ” of Perrier is based on the absence of actina! 
intermediate and abactinal pedicellariae, on the smaller number of 
actinal intermediate plates, and on the presence of an enlarged sub- 
ambulacral spine. Yet in the descriptions of Crenasier mollis and 
C. spinulosus no mention is made of this enlarged spine. In Dytaster 
grandis the enlarged subambulacral is present on the outer part 
of the ray and there are abundant pedicellariae. Both forms of 
Koremasicr have the enlarged subambulacral spines plus pedicel- 
lariae. The distinction based on less numerous actinal intermediate 
plates does not hold. In so far as “Crenaster” rests on these char- 
acters it is not a workable group. 

Koremaster differs greatly in appearance from typical Dytaster, 
such as nobilis and grandis (=madreporifer Sladen). The paxillae 
are higher, with long spinelets, and are more like those of Astro- 
pecten; the marginal plates, at least proximally, have well-developed 
fascioles, and are therefore thicker than in typical Dytaster; the 
actinal intermediate plates are more convex and paxilliform, while 
an irregular odd interradial series of plates is present. In typical 
Dytaster this character is apparently variable, but exact data are 
lacking in some species. The odd series is present in gilbert, but 
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absent apparent in nobilis and exilis; in grandis it seems to be 
variable, but the plates are usually irregular, so that it is hard to 
trace the series. In gilberti the paxillae are fairly high, though the 
spinelets are short, and at the base of the ray the marginal plates 
are separated by fascioles, less well developed than in HK oremaster. 


KOREMASTER EVAULUS SPICULATUS, new subspecies. 
Plate 33, fig. 1; plate 34, fig. 1; plate 40, figs. 3, 3a-f. 


Diagnosis—Very close to the type-species, but differing in having 
more elongate and conical pedicellariae with less modified jaws, 
fewer pedicellariae, terete furrow spines, shghtly wider mouth plates. 
and less compressed first adambulacral plates. R=44 mm., r=12 
mm., R=3.66 r. General form slightly variable, the rays either 
tapering directly from abruptly rounded interbrachial angle, or 
arcuately, the interbrachium being open and rounded. 

Description.—Abactinal surface and paxillae very similar to those 
of the type, but the pedicellariae are either few or entirely absent. 
They seem to occur only around the edge of the paxillar area next 
to the marginal plates, and they have the much slenderer and _ pro- 
portionately higher jaws: less modified. In some pedicellariae the 
jaws are very nearly like short sharp spines, such as occur on paxillae. 

Abactinal plates irregularly elliptical on rays to subcirecular at 
center of disk, where they are close together, but spaced on the rays; 
4 or 5 papulae about each plate; the papulae are absent from end of 
ray and center of disk; abactinal integument thin and flexible. 

Marginal plates in proportions and armature practically like those 
of evaulus. One specimen only has a second much shorter accessory 
spinule on the inner edge of most of the superomarginal plates. 
Superomarginals 30 in type. Terminal plate shorter and blunter 
than in evaulus, being only a little longer than wide, but is never- 
theless variable. Some approach very close to evaulus. Inferomar- 
ginals rarely with 2 spines side by side. 

Actinal intermediate plates extending to about the tenth or 
eleventh inferomarginal or nearly half the ray—proportionately far- 
ther than in evaulus. The odd interradial series is sometimes not so 
evident as in evaulus, owing to its having been crowded to one side, 
but usually it is perfectly plain. The plates are either wholly with- 
out pedicellariae or with a variable number. These have 3 to 5 
spiniform jaws, which are less modified than in evaulus. They vary 
in form from unmodified spines to elongate curved spatulate swollen 
papillae. Only in one specimen do they approach closely those of 
evaulus, but this specimen also has pedicellariae with the elongate 
spiniferm type of jaw. A cemparison of figures will best illustrate 
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the difference. (PI. 40, fig. 3c.) Besides the pedicellariae the plates 
bear upward of 10 slender spinelets. 

Adambulacral armature: Furrow spines 6 or 7, long, fairly slender, 
terete, and sharp, and when dry minutely thorny. They show no 
sign of the compression characteristic of evaulus, and they usually 
extend in a fanlike series horizontally across the furrow, being nearly 
equal, except that either or both laterals may be shorter and slenderer, 
especially when there are 7 spines to the series. Subambulacral 
spines usually in 2 series. In the first are 5 to 8, of which 1 near the 
center is enlarged and nearly or quite as large as the median furrow 
spines; the rest are either successively shorter as at the base of ray 
or abruptly shorter. The outer series consists of 5 to 8 spinelets 
similar to those of the actinal intermediate plates. Along either 
transverse margin of plate are 2 or 3 spinelets belonging to the 
above series, with sometimes 1 or 2 added. On the outer half or 
third of the ray the enlarged subambulacral spine is considerably 
longer and stouter than the furrow spines, for the reason that it 
remains nearly uniform in size while the furrow spines rapidly 
shorten. Subambulacral pedicellariae are so rare as to be a negligible 
character. The first adambulacral plate is not compressed, though 
a little wider than the succeeding. 

Mouth plates broad and convex, a trifle broader in proportion to 
length than in evaulus. Marginal spines 6 to 8, terete, tapering, 
pointed, the inner about half as long as the plate, the rest successively 
shorter. Suboral spines numerous and smaller, in a well-defined 
series of 8 to 10 along the edge of the median suture, decreasing in 
length from the teeth outward, and in about 2 irregular inter- 
mediate series. The marginal series, as in evaulus, is continued by 
smaller spines along the adambulacral margin. 

Madreporic body large, less than its own diameter from margin, 
and with about 12 paxillae on the surface. One of them is very much 
larger than the rest, this difference not being evident in the type of 
evaulus, though indicated in a less extreme form in the small specimen 
from station 3601. 

Anatomical notes—Stomach large, and not divided into dorsal and 
ventral divisions; hepatic coeca short, extending only about one- 
fifth the length of ray; intestinal coecum small and in the form of a 
simple ovoid sac; anal aperture small. Gonads not confined to inter- 
radius, but in the form of a series of several independent tufts, 
diminishing rapidly in size distad and reaching nearly to the middle 
of ray. Polian vesicle in each interradius except that of stone canal; 
ampullae large, 2-parted. Superambulacral plates very small, want- 
ing opposite the first, and either very rudimentary or absent opposite 
the second ambulacral plates. 

Type.—Cat. No. 37013, U.S.N.M. 
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Type-locality—Station 53832, Mindoro Strait, west of Mindoro, 
Philippine Islands, 745 fathoms, green mud, bottom temperature 
38.2° F. 

Distribution—Known only from the type-locality. 

Specimens examined.—Seven, from the type-locality. 

Remarks—This form resembles so closely evaulus that it has been 
described as a geographical race, although no specimens from inter- 
mediate localities have been examined. The differences are mainly 
as follows: evaulus has fewer and higher pedicellariae with less 
modified jaws, and they are not found on the adambulacral plates; 
the rays are a little shorter and the disk relatively a little larger; 
the actinal intermediate plates extend farther along the ray; the 
furrow spines and marginal mouth spines are terete, not markedly 
compressed; the subambulacral spines are in 2 series, but this is 
sometimes the case in the foregoing species. 


Family LUIDIIDAE Verrill. 
Genus LUIDIA Forbes. 


Luidia Forses, Mem. Wernerian Nat. Hist. Soc., vol. 8, 1889, p. 123. Type, 
L. fragilissima (=L. ciliaris (Philippi) ). 


KEY TO THE SPECIES OF LUIDIA HEREIN DESCRIBED. 


a’. Rays 5, and paxillae never with a conspicuous central spine. 
b*. Inferomarginals with a single conspicuous lateral spine and several short, 
appressed actinal spinules. 

ce’. Adambulacral armature: a furrow spine, a large subambulacral spine, 
and adorad to this, a long, slender, two-jawed pedicellaria. 

longispina, p. 164. 
2, Adambulacral armature: a furrow spine and, proximally, 5 subambu- 
lacral spines; distally, 3; no adambulacral pedicellariae. 
prionota, p. 164. 
b?. Two or 3 conspicuous spines (sometimes 4 or 5) in a transverse series 
on inferomarginal plate; similar in general appearance to L. sarsi______ 
orientalis, p. 166. 
Ga RAYS on toot 

b*. Paxillae without a conspicuous central spine, or if this is present then 

only on outer part of ray. 

c. Rays usually 8; paxillae of lateral rows quadrate or roundish quadrate, 
compact, without a conspicuous pedicellaria; no large naked spaces be- 
tween the inferomarginal plates; never any pedicellariae in furrow___ 

maculata, p. 168. 

c’. Rays constantly 11; paxillae spaced, delicate, with a conspicuous central 
pedicellaria and also several on the sides of the pedicels; inferomar- 
ginals separated actinally by large, naked spaces; a few proximal 
adambulacral plates with a slender pedicellaria just dorsal to furrow 
CSTD LI ee AD Sa ach a ee a Se gymnochora, p. 175. 

b*. Some of the paxillae of lateral parts of ray, at least, with conspicuous 
central spine. 

c. No pedicellaria just dorsal to furrow spine. 

d. Rays 7 (sometimes as few as 5); inferomarginal spines usually 3, in 
PUL SVEESCWNCL1CS is ee ee eee ee savignyt, p. 170. 
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dad’, Rays 8 to 10; inferomarginal spines usually 4 to 6, sometimes only 
3 inpsmallli specimens 2a) See eee aspera, p. 171. 
@. A small two-jawed pedicellaria just dorsal te the furrow spine; rays 10_ 
avicularia, p. 172. 

LUIDIA LONGISPINA Sladen. 


Plate 48, fig. 5. 


Luidia longispina SuapEN, 1889, p. 254, pl. 48, figs. 3 and 4; pl. 45, figs. 
3 and 4. 

Two specimens are larger than Sladen’s type. ‘The larger has 
the following dimensions: R=74 mm., r=10.5 mm., R=7 r. The 
specimens agree with Sladen’s description. There is a fifth regular 
series of abactinal paxillae. The paxillae, as noted by Sladen, are 
distinctly spaced except along the median area of ray. 

Type.—In British Museum. 

Type-locality—Challenger station 203, east of Panay Island, 
Philippine Group, 20 fathoms, mud. 

Distribution.—Philippine Islands, from Samar and Panay to 
Tawi Tawi; 18 to 24 fathoms, mud or fine sand. 

Specimens examined.—Five specimens from the following Philip- 
pine stations: 

Station 5157, 3.8 miles northeast Tinakta Island, Tawi Tawi 
Group, Sulu Archipelago, 18 fathoms, fine sand; surface temperature, 
79°; 1 small specimen. 

Station 5182, off eastern Panay (3.7 miles southeast Antonia 
Island), 24 fathoms, fine sand, mud; surface temperature, 80°; 3 
specimens (1 very young). 

Station 5209, off western Samar (1.8 miles northeast Taratara 
Island), 20 fathoms, green mud; surface temperature, 84°; 1 
specimen. 

LUIDIA PRIONOTA Fisher. 
Jate 41, figs. 5, 5a; plate 45, figs. 1, 2. 
Luidia prionota FisHER, 1913c, p. 202. 

Diagnosis —Similar in general form to Luidia forficifera Sladen. 
but differing in lacking entirely adambulacral pedicellariae, in hay- 
ing proximally at least 5 adambulacral spines in addition to the 
curved furrow spine, the 4 outer forming 2 longitudinally oriented 
pairs; central spinelets of paxillae not granuliform; marginal spine 
usually longer than extreme width of inferomarginal plate; actinal 
intermediate pedicellariae usually absent. Rays 5. R=32 mm., 
r=5 mm., R=6 r; breadth of ray at base,6 mm. Abactinal surface 
slightly arched, usually plane on radial region of ray; inferomar- 
ginals slightly arched, forming a broad border to actinal surface: 
marginal spines fairly long, single, forming a prominent fringe to 
ambitus. 
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Description—Paxillae arranged as in L. forficifera, there being 
3 regular series of fairly large, subquadrate ones, with a fourth and 
even a fifth series of smaller paxillae distinguishable. The paxillae 
are slightly spaced, the larger having upward of 15 to 20 peripheral, 
slender spinelets, and 10 or 12 stouter and shorter central spinelets, 
which are longer and less granuliform than in forjicifera. The 
smaller paxillae vary greatly according to their position, an average 
median paxilla having upward of 12 peripheral and 7 or more central 
spinelets. The dorsal surface differs from that of L. forficifera 
chiefly in the longer central spinelets of the paxillae. The dorso- 
Jateral paxillae are about intermediate between the quadrate and 
rotund forms. In a specimen from station 5158 the central spinelets 
are little if any stouter than the peripheral. 

The type of inferomarginal armature resembles that of Z. for- 
jicifera, but the lateral spine is longer, usually exceeding the width 
of the plate, except at the very base of the ray where it about equals 
the width. The spine is flattened, narrow, and pointed. Between 
the base of the spine and the inner end of plate is a straight series of 
about 4 (8 to 5) short, lanceolate spinules; or there may be a second 
series of about 3 spinules adorad to the above, as in forjicifera; oc- 
casionally the spinules form a zigzag series. A series of very deli- 
cate spinelets fringes either transverse border of the plate, and they 
are not swollen at the inner end of the plate as in forficifera. The 
marginal fascioles are fairly deep and about as wide or a little wider 
than the thickness of the intervening ridges. 

Adambulacral armature: (1) A rather long, curved, compressed 
furrow spine (about equaling 1.5 times the width of plate), followed 
by a stouter, slightly longer, pointed spine, slightly curved at the 
base. (2) Just external to this, side by side, are 2 stout unequal 
tapering pointed spines, the aboral often the larger and usually a 
little shorter than the foregoing. (8) These are followed by another 
pair of smaller spines, of which the aboral is usually the larger— 
standing also in a longitudinal series with reference to ray. Beyond 
the base of the ray these spines are usually absent. (4) On the 
first 2 or 3 plates 1 or 2 small spinules stand behind the second 
pair of spines. On the outer part of the ray there are present only 
4 spines, namely, the furrow, the inner subambulacral, and the first 
pair of spines (No. 2 above). There is no subambulacral pedicel- 
laria as in forficifera, the adoral spine in the first pair occupying 
its position. The second pair of spines is present in a very few 
proximal plates in forficifera. 

Proximally the actinal intermediate plates bear a very few deli- 
cate, short, spinelets, which decrease to 1, and finally disappear on 
the distal half of ray. The 2 interradial plates bear a tuft of spine- 
lets. Two specimens without locality have two-jawed tapering pedi- 
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cellariae on the interradial plates (in one of them, not on all). The 
other specimens entirely lack pedicellariae, such as are present in 
forjicifera. 

The mouth plates form a salient angle into actinostome, and at 
the inner end of each pair of plates are 2 large two-jawed pedicel- 
lariae half as long as the interradial width of the plate and extend- 
ing side by side horizontally over actinostome. Seen from the actinal 
surface they are slightly tapering, bluntly pointed. Six to eight sharp 
spines occupy the outer margin between the pedicellaria and outer 
end of plate, and about the same number, close to the above, follow 
the margin of the narrow median suture. 

Type.—Cat. No. 32622, U.S.N.M. 

Type-locality —Station 5181, off eastern Panay (6.6 miles northeast 
Antonia Island), 26 fathoms, mud and fine sand, surface temperature 
80° F.; 6 specimens (4 young). 

Distribution.—Panay to Tawi Tawi Group, 12 to 26 fathoms. 

Specimens examined.—Nine—6 from the type-locality, 2 without 
locality, and 1 from station 5158, 1.9 miles southeast of Tinakta 
Island, Tawi Tawi Group, Sulu Archipelago, 12 fathoms, coarse 
sand, shells. 

Remarks.—L. prionota, on account of the absence of adambulacral 
pedicellariae and the large number of adambulacral spines proxi- 
mally can not be confused with L. forficifera or L. quinaria (includ- 
ing L. limbata). It differs from L. penangensis de Loriol, which 
has constantly 6 rays, and a prominent madreporic body, in having 
larger paxillae, in lacking adambulacral pedicellariae, and in having 
more than 3 adambulacral spines. Luidia chefuensis Grube is ap- 
parently a museum name only. According to Sladen (1889, p. 253) 
it has not been described. This form is said by Sladen to have a 
comb of 4 or more spinelets, running parallel to the furrow, behind 
2 single curved spinelets, apparently in the position occupied by 
the inner pair of spines of prionota. 

The absence of adambulacral and abactinal pedicellariae suggests 
Luidia clathrata of the West Indies and southern United States, 
and L. foliolata (southern Alaska to Mexico). 


LUIDIA ORIENTALIS Fisher. 
Plate 43, figs. 2-4; plate 44, fig. 1; plate 46, fig. 3. 

Luidia orientalis FisHErR, 1913¢, p. 203. 

Diagnosis —Related to LZ. sarsi Diiben and Koren, LZ. africana 
Sladen, and Z. asthenosoma Fisher. Closely resembling L. astheno- 
soma, from which it differs in having deeper and broader marginal 
fascioles, shghtly longer inferomarginal and adambulacral spines, 
longer inferomarginal spinelets, and actinal intermediate pedicel- 
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lariae tapering slightly when seen from side (untapered or obovate 
in asthenosoma). Rays 5. R=about 120 mm., r=about 14mm. The 
tip of ray is regenerating, so that the original was considerably 
longer. Breadth of ray at base, 15 mm. 

Description—The paxillae greatly resemble those of L. astheno- 
soma, having longer and slenderer spinelets than are present in 
sarsi, even a little longer than in africana. The small paxillae of 
median portion of ray have slender pedicels, which usually are 
broader at the top and bear | to 4 or 5 central and 8 to 12 periph- 
eral, thorny, sharp spinelets about three-fourths the length of the 
pedicel. The crest of the superomarginal paxillae is crescentiform, 
with the concavity abutting on the upper end of the inferomarginal. 
Each paxilla bears 20 to 30 long, slender spinelets. There are about 
2 regular series of paxillae parallel to the superomarginal, of which 
3 correspond to 5.5 of the dorsolateral. Rarely an obovate two- 
jawed pedicellaria is present on one of the small median paxillae. 
These are usually numerous in asthenosoma. 

The inferomarginals have slightly higher special ridges separated 
by broader fasciolar furrows than in sa7s¢ and asthenosoma, and the 
ridges are slightly thinner in proportion to the extreme width of 
the plate. In orientalis the furrow in width equals 1.5 times the 
thickness of the ridge, while in asthenosoma the two are very 
nearly equal. The inferomarginal plates bear on the outer half 
2 stout, long, sharp, subterete spines, the upper usually the 
longer and equaling 3 plates in length. A third, considerably 
shorter spine is usually present, spaced from the lower lateral spine, 
and at the base of ray is a fourth still smaller, accompanied by 
several slender, accessory spinules. One of these may occasionally 
form a fifth spine. On the outer part of ray there are usually 3 sub- 
terete, sharp, equidistant spines, graduated in length toward the 
outer, or 2 lateral and 2 considerably smaller (perhaps only half 
the length of the outer) on the inner half of plate. The spaced 
superficial spinelets are long and slender, longer than in sas? or 
asthenosoma, and reaching nearly across the intervening furrows. 

Actinal intermediate plates broader than long, with a rounded 
inner end overlapping broadly the adambulacral plates. The plates 
bear 1 to 3 spinules on a boss near the inner end, and spaced from 
these a pedicellaria with 2 broadly spatulate jaws. (See fig. 3, 
pl. 46.) 

The adambulacral armature is of the type of sarst and astheno- 
soma, consisting of a transverse series of 3 long spines, the outer 
2 terete, tapering, and subequal, or the median shghtly longer, and 
two-thirds the length of the longest lateral spine. Just adorad to 
the 2 outer spines are usually 2 unequal spinules. In asthenosoma 
the spines are practically the same but a little shorter. 
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Mouth plates and armature practically the same as in L. astheno- 
soma, but the median suture broader. (Fisher, 1911d, pl. 21, fig. 1.) 

Color in alcohol, bleached yeilowish brown. 

Type.—Cat. No. 32623, U.S.N.M. 

Type-locality.—Station 5301, China Sea, vicinity of Hongkong 
(lat. 20° 87’ N.; long. 115° 43’ E.), 208 fathoms, gray mud, sand, 
bottom temperature 50.5° F. 

Distribution.—Known only from the type-locality. 

Remarks.—This species, as stated in the diagnosis, resembles most 
nearly ZL. asthenosoma, from off the coast of. California, to which it 
is very closely related. It is also related to L. sarsi, L. elegans, and L. 
africana. Xt differs from L. sarsi in having longer paxillar, marginal, 
and actinal spines, broader and deeper marginal furrows; it differs 
from elegans in practically the same respects, and in lacking the nu- 
merous abactinal pedicellariae of elegans. L. elegans and L. sarsi are 
very close, probably but races of the same species. It differs from LZ. 
africana, which represents elegans on the east side of the Atlantic, 
in having broader inferomarginal fascioles, longer inferomarginal 
spinelets, more tapered actinal pedicellariae, and agrees with it as 
well as with asthenosoma in having longer rays than sars7. 

As L. asthenosoma is not known north of central California, its 
range is widely separated from that of orientalis. L. africana, the 
nearest form to the westward, is found in the Atlantic off northern 
Africa. It would appear, therefore, that Z. orientalis is isolated 
from its two nearest relatives. JZ. sarsi, L. elegans, L. africana, L. 
asthenosoma, and L. orientalis all bear a rather close resemblance, 
and the differences which separate the species are less trenchant per- 
haps than are usually relied upon to separate species of starfishes. 
The range of variation, so far as known, is slighter than in most 
species of starfishes, so that the characters, even if relatively slight, 
are apparently constant and trustworthy. The range of variation is 
unknown in LZ. orientalis, since there is only one specimen known. 


LUIDIA MACULATA Miiller and Troschel. 
Luidia maculata MULLER and TrRoscHEL, 1842, p. 77 (Japan). For descrip- 
tion and bibliography see: Perrier, 1875, ». 338; Koehler, 1895, p. 387; 
1910b, p. 267. 

Notes on Philippine specimens.—The two nearly equal-sized speci- 
mens from station 5346, Palawan, 8 fathoms, present some points of 
difference when compared with a presumably typical, large example 
from Misaki, Japan. The Palawan specimens have R=135 to 140 
mm., although some of the 8 rays are shorter than this, having 
been broken and subsequently regenerated. In the Japanese speci- 
men, R=175 mm.; rays 8. The paxillae of the Palawan specimens are 
distinctly smaller, and not rectangular as are those of the Japanese 
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example, and are evidently similar to those of a specimen from Bata- 
via, described by Perrier (1875, p. 339). The paxillae form 5 or 6 
regular series in either side of the ray, but present a more open ap- 
pearance, due to their much fewer than normal number of spinelets 
and to the rounded corners of the crowns. A large paxilla at the base 
of the ray has a circular or broadly elliptical contour to the strongly 
convex crown, which consists of 12 to 18 unequal, blunt, peripheral 
spinelets, and 7 to 12 shorter, stouter, subtruncate, spaced, divergent 
central spinelets. The stoutest commonly stands in the center sur- 
rounded by a circle of 6, these in turn surrounded bya partial cycle 
of slenderer spinelets, intermediate in robustness between the central 
and the outermost. A considerable but variable number of the su- 
peromarginal paxillae, as well as a less number in the next series ad- 
jacent, have 1 or 2 pedicellariae with 2 tapering jaws varying from a 
trifle stouter and longer to a trifle shorter than the spinelets. In the 
Japanese specimen the paxillae have upward of 25 central and 25 
or 30 much slenderer peripheral spinelets, while the crowns are squar- 
ish or transversely oblong, and rather close-set. The superomarginal 
paxillae are nearly square, and a variable number have an inconspicu- 
ous 2- or 38-jawed spiniform pedicellaria, usually on the outer longi- 
tudinal margin. I do not think this has been mentioned in current 
descriptions. 

The adambulacral armature consists of a curved, strongly com- 
pressed furrow spine followed by a much longer, tapering, slightly 
compressed spine. This in turn is followed by 2 (sometimes 8) large 
pedicellariae with 3 long, slender jaws, more than one-half, sometimes 
two-thirds the length of the subambulacral spine. The outer pedi- 
cellaria is situated, as a rule, upon an actinal intermediate plate, of 
which a single series is interpolated between the inferomarginal and 
adambulacral plates. Rarely, at the base of the ray there are 3 adam- 
bulacral spines, the outermost much smaller than the principal spine. 
In addition there are several small spinelets along the transverse mar- 
gins of the plate. Koehler (19100, p. 267) records 3 or 4 adambula- 
cral spines on 2 specimens from Aru, and from 1 to 3 pedicellariae. 
The Misaki specimen alluded to above has 2 adambulacral spines 
(rarely 3), followed by 3 or 4 conspicuous pedicellariae. The num- 
ber of adambulacral spines is therefore variable. The pedicellariae 
of the Palawan specimens are narrower at the base, consequently 
longer in proportion to width than are those of the Misaki specimens. 

The number of inferomarginal spines is proximally 4 (sometimes 
3), the 2 innermost decreasing in size along the ray. The innermost 
spine is reduced to an inconspicuous spinule very soon, while the 
next persists for a variable distance, there being usually on the outer 
half only 2 prominent spines, the 2 outer ones of the proximal 
half. Between these two there is often 1 or 2 prominent pedicellariae, 
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with 2 or 3 jaws similar in form to those of the adambulacral plates, 
but only about two-thirds as long, and a trifle stouter. In the Misaki 
specimen the inferomarginal pedicellariae are fewer and only about 
half or less than half thé length of the larger adambulacral pedi- 
cellariae. 

The specimen from the Tawi Tawi Islands is young (R equaling 36 
mim.), but more typical in appearance. The paxillae are quadrate, 
close-set, and there are 3 adambulacral spines, followed by a large 
pedicellaria, which, however, belongs to the actinal intermediate 
plate. This pedicellaria is not present beyond the middle of ray. 
Inferomarginal spines, generally 2. . 

Vhe Palawan specimens differ, therefore, from typical LZ. maculata 
in having smaller, roundish paxillae with fewer spinelets, and in hav- 
Ing prominent superomarginal pedicellariae. Specimens from numer- 
ous Philippine localities must be examined before the status of these 
variations can be satisfactorily determined. 

Zype.—tn the Museum of Leyden (Miiller and Troschel). 

Ty pe-locality.— Japan. 

Distribution Japan: Macclesfield Bank; Philippine Islands; 
Singapore; Malacca; Mergui Archipelago; Andaman Islands; India 
(Coromandel, Tuticorin, Madras, Bay of Balasore, Ceylon) ; Mozam- 
bique; Java Sea: Aru Islands; Torres Straits. 

Specimens examined.—Three. 

Station 5164, 8 miles northeast Observation Island, Tawi Tawi 
Group, Sulu Archipelago, 18 fathoms, green mud; 1 specimen. 

Station 5346, Malampaya Sound, Palawan (10° 50’ 30’’ N.; 119° 
99’ 20’’ E.). 7 fathoms mud; 1 specimen. 





LUIDIA SAVIGNYI (Audouin). 


Asterias savignyi Aupourn, Description de ’ Egypte, Echinodermes, 1809, 
p. 209, pl. 3. 

Luidia savignyi Gray, 1840, p. 1838.—PrErrRIER, 1875, p. 340. 

Luidia savignii (part) Mtrier and TrRoscHEL, 1842, p. 77. For description 
and bibliography see Perrier, 1875, p. 840; De Loriol, 1885, p. 72; Koehler, 
1910a, p. 10, pl. 1, fig. 5, pl. 6, fig. 3. 

A small seven-rayed specimen is referred to this species. There 
is little doubt that it represents true Z. savigny?, although there are 
as yet no adambulacral pedicellariae. R=27 mm., r=5 mm. Adam- 
bulacral spines 3, or sometimes 4, there being a spine out of line 
(adorally) between the second and third spines. The abactinal 
spines are very stout. Koehler (1910a, p. 10) gives excellent critical 
and descriptive notes, and a photographic figure of the abactinal 
surface of a specimen from the Andaman Islands and of another 
from Mauritius. 
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The specimens recorded from Portuguese East Africa by Simpson 
and Brown (1910, p. 49) as Z. aspera probably belong to this species. 
They have 7 rays. ZL. savignyi is not mentioned by the authors cited. 

Type-locality—Red Sea. 

Distribution—Red Sea; east coast of Africa; Mauritius; Andaman 
Islands; Sulu Archipelago; Philippine Islands. 

Specimen examined.—Station 5159, Tinakta Island, Tawi Tawi 
Group, Sulu Archipelago, 10 fathoms, coral sand. 


LUIDIA ASPERA Sladen. 


Luidia aspera SLADEN, 1889, p. 248, pl. 48, figs. 1 and 2; pl. 45, figs. 9 and 10. 


The single specimen is small (R=46 mm.) and has 8 rays. Koeh- 
ler (1910a, p. 15) remarks that L. aspera is very close to L. savignyi, 
and that the differences between the two species concern the number 
of inferomarginal spines, and the number of rays (7 in savigny?, 8 to 
10 in aspera). It seems to me that the two species are extremely 
close. I regret that there is not adequate material to throw more 
hght upon their relationship. 

In the Sulu specimen the spine-bearing paxillae (irregularly dis- 
tributed in 38 series on either side) are separated by 2 rows of plain 
paxillae from the inferomarginal plates, except at the base of the 
ray, where 3 are present, as in Sladen’s type. There are 3 well-devel- 
oped adambulacral spines in a transverse series, the middle the long- 
est, followed by 1 large pedicellaria having 3 (occasionally 2) slender, 
sometimes narrowly spatulate, jaws, over half (often three-fourths) 
as long as the longest spine. There are commonly 3 prominent in- 
feromarginal spines, with or without a small spine at inner end of 
plate; or 2 prominent spines followed by 2 smaller spines. In the 
type there are 4 to 6 in a transverse series. The smaller number of 
marginal spines and the absence of a second adambulacral pedicel- 
laria In my specimen may well be due to its immaturity. 

The record of L. aspera from Portuguese East Africa (Simpson 
and Brown, 1910, p. 49) probably refers to Z. savignyi, as mentioned 
under that species. 

Type—tIn British Museum. 

T'ype-locality—Not stated definitely; description based on speci- 
mens from off Zamboanga and Tablas Island, Philippine Islands, 
10 to 115 fathoms, and from north of Admiralty Island, 150 fathoms. 

Distribution —Philippine Islands, Admiralty Island; 9 to 150 
fathoms, green mud, coral mud, coral. 

Specimen examined.—tation 5165, off Observation Island, Tawi 
Tawi Group, Sulu Archipelago, 9 fathoms, coral. 
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LUIDIA AVICULARIA Fisher. 


Plate 48, fig. 1; plate 44, fig. 2 (see also plate 44, fig. 3, L. moroisoana) ; 
plate 46, figs. 2, 2a-c. 


Luidia avicularia FisHER, 19138¢c, p. 203. 


Diagnosis—Very closely related to LZ. integra Koehler, which it 
resembles in general appearance but from which it differs in the 
following particulars: Scattered spinopaxillae among the norma! 
paxillae of the 3 dorsolateral series; superomarginal and abactinal 
paxillae with small two-jawed pedicellariae; central spinelets of 
superomarginal and abactinal paxillae, sharp, longer than thick, not 
granuliform; inferomarginals encroaching conspicuously upon abac- 
tinal area and with marginal spines varying from 2 to 6; infero- 
marginal pedicellariae present on some of the plates; the character- 
istic furrow pedicellariae, proximally with dorsal jaw curved over 
end of the slightly curved ventral jaw; proximal adambulacral plates 
with generally more than 3 spines, and more than 1 subambulacral 
pedicellaria, pedicellariae sometimes replacing the spines; gener- 
ally 2 large dental pedicellariae, directed over the peristome. Rays 
10) R=195' mm., r=18' mm.) R=-105 rsa shorter’ ray, Ro mm; 
breadth of ray at base, 18 mm.; breadth 15 mm. from base, at widest 
part, 17 to18 mm. Ray gradually tapering, blunt, abactinal surface 
slightly convex. 

Description—The most important abactinal feature in which a@vi- 
cularia differs from integra is in the presence of relatively few, 
central, sharp spines (smaller than those of the superomarginal 
plates) on the 3 dorsolateral regular rows of paxillae, the rather 
more rounded contour of the latter, and the presence on many of the 
paxillae (both superomarginal and abactinal) of a small two-jawed. 
spiniform pedicellaria. On the abactinal plates the pedicellaria is 
generally marginal and about as long as the peripheral spinelets. 
On the superomarginal paxillae (where 2 pedicellariae are occa- 
sionally present) it frequently is found at the outer adoral corner, 
or near the proximal rather than the distal transverse margin. 
The armature of the center of the tabulum consists of upward of 
15 sharp, short spinelets (not granules) surrounding, without defi- 
nite order, the stout, sharp central spinule, which varies in length 
from a little longer to a little shorter than the width of paxilla 
crown. ‘The peripheral spinelets are slender and upward of 30. 
Another difference, rather striking, but possibly not constant, is the 
fact that when viewed from above the inferomarginals form a broad 
border to the abactinal area, often equaling the combined width of 
the 2 adjacent series of paxillae. I am inclined to think this is 
constant and due to the more arched inferomarginals. The upper 
end of the inferomarginals, judging by Koehler’s photographic fig- 
ures, are not at all conspicuous in integra. 
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The inferomarginal plates have a strong crest or ridge and en- 
croach narrowly upon the actinal surface. Their armature is less 
constant than in integra and varies from 3 to 6 spines, but is 
usually either 3 or 4, less commonly 5, rarely 6. Sometimes there 
are 3 large, spaced spines, increasing in length toward the outer 
(which equals 2.5 or 3 plates in length) ; sometimes 2 shorter internal 
spines are followed by a pair of larger, more widely spaced spines; 
again, 1 or 2 small inner spines are followed by 2 (or 3) larger, 
the upper end of the plate being occupied by 1 or 2 abruptly smaller 
spines (4 to 6 in all). On the outer part of the ray there are 
usually 3 spines, and near the tip 2, only. A number of plates, 
especially adorally, have 1 or 2 two-jawed pedicellariae near the 
middle of the adoral margin of the crest, varying in size but smaller 
than the large subambulacral pedicellaria. These are lacking in 
integra. 

A single series of actinal intermediate plates is present, which 
beyond the twelfth or thirteenth inferomarginal bear no spinelets 
or pedicellariae; the proximal ones bear a tuft of slender spinelets. 

Beyond the basal fourth of the ray the adambulacral armature 
consists of 3 spines (often 4, rarely 5) in a transverse series, the 
median usually the longest, with a large two-jawed, slender, taper- 
ing pedicellaria just adorad of the outer spine and another very 
slender one under the saber-shaped furrow spine, much as described 
by Koehler for integra. The subambulacral pedicellaria is lacking 
on the outer two-fifths of the ray, its place being occupied by 1 to 3 
small, slender spinelets. On the basal fourth of the ray the arma- 
ture is not so uniform. First, in the furrow is the peculiar slender 
pedicellaria, oriented as described by Koehler, one valve dorsal, 
the other ventral. The dorsal valve (the lower, as viewed with 
specimen on its back) is the longer and is frequently curved over 
the end of the ventral, which is itself slightly curved, the pedi- 
cellaria resembling, perhaps a bit fancifully, the beak of a pro- 
cellariform bird in miniature. Next comes the strongly compressed, 
curved furrow spine proper, followed by a still longer, compressed 
spine, or, not infrequently, by 1 or 2 long two-jawed pedicellariae, 
in its place. Following this is sometimes the normal third spine, 
here the longest, with its adoral large pedicellaria, or 2 large pedi- 
cellariae, accompanied by 2 or 3 unequal slender spinelets or even 
1 or 2 small two-jawed slender pedicellariae on the adoral edge 
of plate. Instead of the single third spine there may be 2 in a 
longitudinal series, or a triangular group of 3, with or without 
the large pedicellaria. Sometimes there are 5 spines in a trans- 
verse row, with 1 or more pedicellariae adorad to them. Ap- 
parently any of the spines, except the true furrow spine, may have 
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a pedicellaria substituted for it, all of which affords a great variety 
to the armature of the proximal plates. The figures will give a 
better idea than description of the relative size of the pedicellariae 
and spines of typical plates. Even here there is variation in the 
size of the pedicellariae and relative lengths of the 3 or 4 spines. 

The jaws are very narrow, and the pair form a sort of crest, 
along the top of which, bordering the median suture, are upward 
of 20 spines to each plate, increasing very rapidly in length toward 
the innermost, which is two-thirds as long as the interradial length 
of the plates. On the true, short margin, facing actinostome, are 
often 2 large two-jawed pedicellariae with a spine or two between 
them, that which is under the above-mentioned long superficial 
spine having jaws slender and half the interradial length of the 
plate, or shghtly more. The lateral pedicellaria is smaller—one- 
third to two-thirds the length of the larger one. ‘These pedicellariae 
are not present in integra. 

Anatomical notes—The gonads extend in a series of distinct 
tufts far along the ray, and each gonoduct opens on the inner proxi- 
mal angle, between the processes of the base of the paxillae ad- 
jacent to the superomarginal. The paxillae of the 3 regular dorso- 
lateral series have a cruciform base, either transverse process being 
a little longer than the 2 longitudinally directed ones, but the 
superomarginals are more nearly lozenge shape, longer than wide, 
with sometimes 2 processes on the side next to the adjacent paxillae. 
The median small paxillae have 3 or 4 short lobes, irregularly 
placed. 

Type.—Cat. No. 32624, U.S.N.M. 

Type-locality—Station 5391, between Samar and Masbate (lat. 
12° 13’ 15’ N.; long. 124° 05’ 03’” E.), 118 fathoms, bottom un- 
recorded; 1 specimen. 

Distribution —Known only from the type- locality. 

Remarks.—Luidia integra Koehler (1910a, p. 18; pl. 2, figs. 5-8) 
was taken by the /nvestigator off the Andaman Islands (lat. 13° 06’ 
N.: long. 93° 08’ E.), 60 to 75 fathoms. JL. avicularia very closely 
resembles it, and is evidently what is sometimes called a representa- 
tive species. As only one specimen of each species is known, some 
of the differences enumerated in the diagnosis may not prove to be 
constant. 

I have been able to compare the type of avicularia with an excel- 
lent example of Z. moroisoana Goto, from station 3739, Sagami Bay, 
Japan, 55 to 65 fathoms, volcanic sand, shells, rocks. This specimen 
is in the United States National Museum, and a portion of the ab- 
actinal surface, enlarged, is figured on plate 44. figure 3. The two 
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species, although greatly resembling one another, appear to be en- 
tirely distinct. Their characters are contrasted below: 


avicularia. 


Color, in alcohol, yellowish—a faded 
vellow-ochre. 

Superomarginal spines 
ous, the series interrupted and the 
spines short, very unequal, usually 
less than half the length of the adja- 
cent inferomarginal spine, and less 
than 1.5 the breadth of the paxillar 
crown in length. 

A second longitudinal series of ab- 
actinal spines not present except near 
tip of ray, with a few scattered spines 
proximally, which are much less con- 
spicuous than in moroisoana. 

Paxillae of rays more open, the cen- 
tral spinelets distinctly spiniform, and 
all spinelets longer. 

Largest paxilla from radial region 
at very base of ray with 10 to 15 
slender spinelets, only slightly stouter 
than the peripheral, the latter equal 
in length to about one-half the width 
of tabulum. 


inconspicu- 


Furrow pedicellariae usually curved 
at the tip, the jaw nearer the bottom 
of furrow being the longer, and often 
curved over the end of the other, just 
the reverse of the condition of moroiso- 
ana. 


LUIDIA GY 


moroisoana. 


Solor, in alcohol, a sort of pinkish 
brown or sepia, with a violet shade. 

A definite, conspicuous, uninterrupted 
row of sharp, acicular, superomarginal 
spines, each spine more than half the 
length of the adjacent (longest) in- 
feromarginal spine, and length 1.5 to 
2 times the breadth of the superomar- 
ginal paxillar crown. 

A second conspicuous longitudinal 
series of spines, much interrupted, be- 
tween which and the superomarginal 
spines is a single series of unarmed 
paxillae. 

Paxillae more compact, the central 
spinelets distinctly granuliform, and 
all spinelets shorter. 

Largest paxillae from radial region 
at very base of ray, with 8 to 10 
mostly 8, central, acorn-shaped gran- 
ules, much stouter than the 20 or more 
peripheral spinelets, which in length 
are less than one-third the width of 
the tabulum. 

Furrow pedicellariae usually with 
straight jaws. that nearest the bot- 
tom of furrow often slightly the 
shorter. (Goto, 1914, fig. 101.) 


MNOCH 


Plate 42, figs. 1, 2; plate 44, figs. 4, 5; plate 46, figs. 1, 1a-—d. 


Luidia gumnochora FisHEr, 1913¢, p. 204. 


Diagnosis.—Related to Luidia denudata Koehler, but differing in 
having constantly 11 rays; prominent, central, two-jawed paxillar 
pedicellariae, together with several small two-jawed pedicellariae on 
the sides of the pedicels, superomarginal and dorsolateral spino- 
paxillae distally; with the transverse processes of the regular 
paxillae longer than the longitudinal (the reverse in denudata) ; 
frequently 3 or 4 inferomarginal spines; 1 to 5 inferomarginal pedi- 
cellariae; inferomarginals broader actinally, the intervening naked 
places much wider than long, and elliptical to oblong in form; 1 or 
2 pedicellariae on the actinal intermediate plates; no slender fur- 
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row pedicellaria beyond a few plates at base of ray, except rarely 
and sporadically; second furrow spine compressed; several sub- 
ambulacral pedicellariae, the principal one situated adorad of the 
second and third spine; rays 11. R=230 mm., r=383 mm.; breadth 
of ray at base 22 mm., a short distance beyond base 28 mm.; rays 
deciduous and usually imperfect, the tips being in the process of 
regeneration or absent; many rays are broken into 2 or 3 pieces: 
rays thin, plane, with very widely open, shallow ambulacral fur- 
rows; tube feet long, sometimes reaching to the margin, and with 
a small conical button at tip; skeleton loose, dorsal integument thin. 

Description.—Paxillae of disk rather more closely placed (espe- 
cially in the middle) than on rays. Each consists of a rather slender 
shaft (slenderest at the middle) surmounted by a circle of 8 to 12 
very slender, sharp spinelets, about as long as the shaft, and sur- 
rounding a large central two-jawed tapering pedicellaria, which is a 
little longer than the spinelets. Seen from the side the pedicellaria 
is about 2 to 2.5 times as long as the width of the base. The joints 
are nearly of an equal width the whole length, or they taper slightly, 
or are very narrowly spatulate. Below the base of the spinelets fas- 
tened to the side of the shaft are 1 to 5 delicate, slender, blunt, two- 
jawed pedicellariae from one-half to two-thirds the length of the 
spinelets, and frequently oriented at night angles to the shaft. In 
the type nearly all the paxillae of the disk have the large central 
pedicellaria. They are not so numerous in a young specimen. 
The pedicellariae are entirely lacking in LZ. denudata. 

On either side of the rays there are 3 regular series of large 
paxillae, the outer series of which represents the superomarginals. 
Over the median part of the ray the paxillae are smaller and ar- 
ranged without definite order. Nearly all the paxillae have the 
pedicellariae described above, except in the case of regenerating tips, 
where they are much less common. On the outer half of the ray 
the central pedicellaria of the 3 regular series is replaced by a slender, 
‘sharp spine. This usually remains small on the median series, but 
increases in size on the other 2 series as the end of the ray is ap- 
proached. It augments in size more rapidly on the inner series 
and attains a length of 5 to 10 times the height of the here much- 
shortened pedicels. These distal spinopaxillae are quite constant, 
although occasionally a paxilla will lack a spine, or the length of 
the spines will vary. Many of the other paxillae of the distal fourth 
of the ray have the pedicellaria replaced by a spine, but the latter 
does not surpass the other spinelets enough to become conspicuous. 
These spinopaxillae are not present in denudata. 

The regular paxillae have regularly four-lobed or cruciform bases, 
the transverse lobes being longer than the longitudinal ones (the 
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reverse in denudata). The dalle areas are nearly square and not 
oblong as in denudata. The superomarginals are without external 
transverse lobes, being fastened directly to the inferomarginals. Be- 
tween the 2 triple ranges of regular larger paxillae, the plates have 3 
or 4 usually unequal lobes which overlap a trifle, just touch, or fail to 
touch by a narrow interval. This causes the dorsal skeleton to be 
very flexible. The papulae extend to very nearly the tip of ray, and 
are compound, consisting, when fully developed, of upward of 30 
slender coeca, branching from a common base, and reminding one 
of a coral fungus in miniature. One compound papula occupies an 
area, the latter being irregular in shape on the median region of ray. - 

The inferomarginals have the form of those of denudata, but the 
ventral apophysis, which meets the intermediate plate, and by means 
of it is joined to the corresponding adambulacral, is decidedly longer, 
so that the prominent naked spaces (covered by thin integument) 
which separate consecutive inferomarginal plates are much wider 
than long, and in shape are elliptical, elongate-oval, or oblong with 
rounded corners. In denudata the shape is that of an equilateral 
triangle with rounded angles. Ventrally each inferomarginal forms 
a low crest, but is produced laterally into a thin ridge, with a 
rounded outer free surface. This ridge, which separates wide fas- 
ciolar channels, corresponds to the shaft of one of the abactinal 
paxillae, while the homologues of the four basal lobes are readily 
traced, the ventral apophysis spoken of above being one. Consecu- 
tive plates are joined by 2 longitudinally directed lobes, while the 
fourth is very short or wanting where the plate is closely joined to 
its corresponding superomarginal. The exact form of the plates 
and the dimensions may best be gathered from the figures. The 
summit of the lateral crest bears 2 large spines, the outer the longer, 
and equaling about 3 plates in length. One or 2 shorter and slen- 
derer spines stand in line with the above on the ventral surface, and 
dorsal to the large spine are 8 to 12 slender, unequal spinules. 
Numerous spaced similar spinules surround the main spines and are 
continued along the ventral surface. Each plate bears from 1 to 5 
unequal, rather slender two-jawed pedicellariae, the largest of which 
frequently stands on the inner extension of the plate, while other 
small ones are found on either transverse margin of the crest, near 
the second (lower) lateral spine, or between that and the third. 
The pedicellariae are lacking in denudata, which has only 2 infero- 
marginal spines. 

The actinal intermediate plates are much wider than long, and 
each is truncate where joined to the inferomarginal, but the inner 
end which overlaps the adambulacral is rounded and narrower than 
the outer. Except on the outer third or fourth of ray, nearly all 


178 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 


the plates bear 1 or 2 (rarely 3) prorawed pedicellariae, similar to 
the subambulacral and inferomarginal pedicellariae. The second 
pedicellaria is usually considerably smaller than the other, which is 
about as long as the transverse diameter of the plate. The plates 
are armed also with 2 to 5, but sometimes upward of 10, very slender, 
fairly long, spinelets about as large as those of inferomarginal 
plates. The pedicellariae are lacking in denudata. 

Except on the first 8 to 12 plates at base of ray, the characteristic 
furrow pedicellaria of denudata occurs very rarely in the type, but 
i specimens from stations 5402 and 5406 it occurs more frequently, 
at least on some rays. At best its occurrence is sporadic. The 
pedicellaria is very slender and resembles a compressed truncate 
furrow spine, the thin jaws being oriented distal and proximal, or 
at right angles to the pedicellaria of avicularia. It is about two- 
thirds the length of the furrow spine. 

The adambulacral armature consists of a transverse series of 3 
rather long spines, increasing in length outward, the inner 2 being 
compressed. The outer is occasionally a little out of line, being 
crowded by a large two-jawed slender pedicellaria on its proximal 
side, or opposite the interval between the second and third spines. 
One or two small pedicellariae are usually found just adorad of the 
above, while another is sometimes present just external to the outer- 
most spine, along fvith 2 or 3 delicate spinelets. This outer pedi- 
cellaria varies greatly in size. At the base of the ray the spines 
are very compressed and form a vertical series between the tube feet, 
the outer spine only being bent away. Here there are usually 2 or 
3 large subambulacral pedicellariae, with several small ones at 
their base. Also the proximal plates frequently have the furrow 
pedicellaria. It resembles a supernumerary compressed bladelike 
furrow spine below the regular spine. As in ZL. avicularia, the 
armature at the base of ray is variable and not typical of most of the 
adambulacral plates. On the outer third or fourth of ray, or even 
over a greater extent of the distal region, the subambulacral pedi- 
cellariae are lacking, there being 3 spines in a transverse series, 
with a few (2 or 3) slender spinelets standing just adorad of the 
outer spine. The armature differs from that of denudata in lacking 
usually the furrow pedicellaria, in having the second spine strongly 
compressed, not terete, and in having a characteristic pedicellaria 
adorad of the third spine, or the second and third, in addition to 
1 or more smaller accessory pedicellariae. In denudata the only 
subambulacral pedicellaria is situated external to the external spine, 
where, in gymnochora, a small or medium-sized pedicellaria is often 
present. 

The armature of the mouth plates consists of (1) a superficial 
series bordering the median suture, consisting of 8 to 12 spines and 
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spinules, the 2 innermost long and stout, followed by a number of 
small spinelets and two-jawed pedicellariae, the outer end being oc- 
cupied by slender spinules of intermediate length. Sometimes there 
are 3 inner enlarged spines or the second may be replaced by a long, 
slender, 2-jawed pedicellaria. (2) At the inner end of plate ex- 
tending over the peristome, and near to it is a horizontal fan con- 
sisting of a long “tooth,” a long two-jawed pedicellaria, and at the 
mouth of furrow another smaller spine, at the base of which is some- 
times a small pedicellaria. Sometimes this series consists of the tooth 
and 2 or 3 pedicellariae, several variations occurring. (3) Near the 
inner end of the plate on its sloping face is an intermediate series of 
3 (sometimes 4) prominent compressed spines, or a pedicellaria and 
2 spines. These spines extend over the mouth of the furrow and 
form a series with the innermost superficial spine (which is directly 
back of the enlarged tooth). 

Color in alcohol: Bleached yellowish, the epidermis of the abac- 
tinal surface, beneath the paxillae, bleached brown or a decided 
burnt sienna. 

The gonads extend in a series of tufts to the end of the ray. The 
series underlies the row of paxillae adjacent to the superomarginals. 

Variations —The most important variations have been mentioned 
in the foregoing description. I notice that in the specimen from 
station 5404 the outer or principal subambulacral spine is occasion- 
ally replaced by a pedicellaria, beyond which is another, correspond- 
ing to the subambulacral pedicellaria of denudata, making a series 
of 2 spines and 2 pedicellariae. The width of the naked spaces be- 
tween the inner ends of the inferomarginals is subject to slight 
variation. They are, however, always broader than long. Speci- 
mens from the deepest water (stations 5189 and 5406) have shghtly 
slenderer pedicellariae than the type. 

Young.—A specimen with R 86 mm. (station 5406) is character- 
ized by having less numerous pedicellariae than the adult or large 
specimens. The actinal intermediate plates have a pedicellaria at 
the base of the ray only, furrow pedicellaria is absent, and beyond 
the middle of the ray there are no subambulacral pedicellariae; the 
proximal plates have a single pedicellaria adoral to the outer spine. 
The inferomarginal pedicellariae are restricted to 1 or 2 on the 
proximal plates only. 

Type.—Cat. No. 32625, U.S.N.M. 

Type-locality— Station 5409, between Cebu and Leyte, 20.8 miles 
southeast of Capitancillo Light, Cebu, 189 fathoms, green mud; 1 
specimen. 

Distribution—Philippine Islands (vicinity of Negros, Cebu, and 
Leyte), 188 to 300 fathoms, mud. ‘Temperature range, 55.4° to 
62.8° F. 
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Specimens examined.—Six, the type and 5 from the following 
Philippine localities: 

Station 5189, Tanon Strait, east coast of Negros, 800 fathoms, 
green mud, bottom temperature 62.8°; 1 specimen. 

Station 5402, near type-locality, 188 fathoms, green mud, bottom 
temperature 55.8°; 1 specimen. 

Station 5404, 6.8 miles northwest Ponson Island, Dupon Bay, 
Leyte, 190 fathoms, mud, bottom temperature 55.4°; 1 specimen. 

Station 5406, same locality (10.2 miles northwest Ponson Island), 
298 fathoms, mud; 2 specimens. 

Remarks.—L. gymnochora—the name referring to the bare spaces 
between the inferomarginals—shows a great resemblance to Z. 
denudata Koehler from the Coromandel coast, India, 133 fathoms. 
This resemblance concerns not only the superficial appearance, but 
the structure of the skeleton, including the form of the paxillae. 
As enumerated in the diagnosis there are a number of important 
differences, chief among which are the broader inferomarginals of 
gymnochora, the broader dorsolateral paxillar bases, broader actinal 
bare spaces, and the presence of numerous abactinal, inferomarginal, 
actinal intermediate, and subambulacral pedicellariae. 

The looseness and flexibility of the skeleton, along with the rela-: 
tively large size of the tube feet suggests that this form can swim, 
It would be interesting to know if the tip of so many rays has been 
lost in an effort to escape from enemies or from actual attacks of 
other animals. 


Family ARCHASTERIDAE. 
Genus ARCHASTER Miiller and Troschel. 


Archaster MULLER and TROsScHEL, 1840a, p. 104. 
ARCHASTER TYPICUS Miiller and Troschel. 


Archaster typicus MULLER and TROSCHEL, 1840a, p. 104. 


About 900 specimens were taken at the following localities: 

Point Jamelo, Luzon, with seine, 3. 

Nasugbu, Luzon, reef, 5. 

Subig Bay, Luzon, shore, 31. 

Santiago River, Pagapas Bay, Luzon, 3. 

Tilg, Lubang, 5 medium-sized specimens and about 800 young 
with R, 5 to 15 mm. 

Olongapo, Luzon, 2. 

Sablayan, Mindoro, tide pool, 1. 

Romblon Island, east of Tablas Island, shore, 16. 

Pandanon Island, between Cebu and Bohol, 2. 

San Pascual, Burias, tide pool, 3. 

Busin Harbor, Burias, shore, 8. 
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Cuyo Island, west of Panay, 2. 

Verde del Sur Island, Palawan, 2. 

Makesi Island, Palawan, 3. 

Caxisigan Island, Balabac (southwest end of Palawan), 7. 

Linapacan Island (north end of Palawan), 5. 

Murcielagos Bay, Mindanao, 10. 

Opal, Mindanao, 1. 

Parang, Mindanao, shore, 1. 

Capunuypugan, Mindanao, 2. 

Zamboanga, Mindanao, Dr. E. A. Mearns, 2. 

Mantacas Island, west coast Bohol, shore, 4. 

Cagayan Sulu Island, Sulu Sea, 2. 

Sandakan Harbor, Borneo, 3. 

Papatag Island, Tawi Tawi Group, shore, 4. 

Simulac Island, Tawi Tawi Group, 8. 

This species is widely distributed over the Pacific and Indian 
regions. Although Sladen records Archaster angulatus and not 
A. typicus from the Philippines, the latter appears to be the com- 
moner form. No specimen of angulatus was taken by the Albatross 
at the shore stations, and only one was dredged, as recorded below. 
These specimens seem to be typical. Some specimens have a vari- 
able number of superomarginal spines and some lack them entirely. 


ARCHASTER ANGULATUS Miiller and Troschel. 
Plate 45, fig. 3. 


Archaster angulatus MUtiter and Troscuet, 1842, p. 66.—P. pe Lorton, 
1885, p. 78, pl. 22, fig. 2. 

This species may be readily distinguished from A. typicus by the 
presence of 2 or 3 enlarged squamiform spinelets at the outer end 
of the inferomarginal plates in place of the single prominent lateral 
flattened spine of typicus. The specimen collected by the Albatross 
is small, and the rays are decidedly slenderer than in typicus. The 
superomarginals encroach conspicuously upon the abactinal area— 
a condition which is not true of large specimens of typical angulatus. 
There are no signs of any superomarginal spines. At the outer 
aboral corner of the inferomarginal plates 2 to 4 spinelets are en- 
larged and become squamiform, but none is prominent. The me- 
dian radial row of paxillae is very regular. The first adambulacral 
plate has 6 furrow spinelets, the next 3 have 4, and the rest have 3. 
The proximal plates usually have 2 longitudinal series of subambu- 
lacral spinelets: In the first row, 3, or 2 and a two-jawed equally 
long pedicellaria between them; in the outer row, usually 2 spine- 
lets, 1 at each outer corner of the plate. A difference in the num- 
ber of paxillar spinelets is also noticeable, a fairly large lateral 
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paxilla having 1 to 4 central and 8 to 10 peripheral spinelets, while 
a proximal radial plate bears 8 or 9 central and about 15 peripheral 
spinelets (in addition occasionally to an equally long tapering spini- 
form pedicellaria). In fully grown examples of typicus from 
Samoa corresponding lateral paxillae have 6 or 7 spinelets only 
(usually all peripheral) and the median radial 7 or 8 (occasionally 
1 central). The measurements of the specimen are: R = 32 mm., 
r= 6mm., R = 5.3 r; breadth of ray at base, 7 mm. 

T'ype-locality —‘ Java; Isle de France.” 

Distribution.—Mauritius, Java, Philippine Islands, Port Darwin; 
Torres Strait; Freemantle, W. Australia; New Guinea; Fiji Islands 
(Studer). 

Specimen examined.—Station 5165, off Observation Island, south- 
west end of Tawi Tawi Island, Sulu Archipelago, 9 fathoms, coral; 
1 specimen. 


Family BENTHOPECTINIDAE Verrill. 
Genus PECTINASTER Perrier. 


Pectinaster PERRIER, Ann. sci. nat., vol. 19, 1885, p. 70. Type, P. filholé 
Perrier. 


KEY TO THE SPECIES AND SUBSPECIES OF PECTINASTER HEREIN DESCRIBED. 


* a’. Central spine of paxillae absent from a narrow area at either side of paxillar 
area of ray; 15 to 18 adambulacral plates correspond to first 10 inferomar- 
ginals; marginal spinelets fewer, a bare space on the central part of mar- 
ginal plates. 

b*. Spinelets accompanying abactinal spines not greatly reduced in num- 
ber on middle and distal portions of ray; marginal spines moder- 
ately robust secs sii ie) Becta See eam mimicus, p. 182. 
b?. Abactinal plates of ray with very few spinelets accompanying the 
spine (1 to 4, distally, 0) ; marginal spines robust. 
palawanensis, p. 185. 
a’, Central spine of paxillae distributed abundantly all over abactinal area; 13, 
rarely 14, adambulacral plates to first 10 inferomarginals ; marginal spines 
more numerous, no well-defined bare space on the plates. 
hylacanthus, p. 187. 
PECTINASTER MIMICUS (Sladen). 


Plate 49, fig. 1. 
Pontaster mimicus Siapven, 1889, p. 48, pl. 4, figs. 1 and 2; pl. 7, figs. 
5 and 6. 
Pectinaster mimicus, PERrRtER, 1894, p. 279.—Lupwie, 1910, p. 449.—FIsHER, 
1911d, p. 126. 


Notes on specimens.—I have experienced great difficulty in apply- 
ing a name to these specimens, there being three in the field which 
might prove to be applicable: P. mimicus, P. hispidus (Wood-Mason 
and Alcock), and P. forcipatus, var. echinatus (Sladen). Wood- 
Mason and Alcock do not state definitely wherein their species differs 
from P. mimicus. According to Ludwig, 1910 (p. 450), mdmicus 
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has the abactinal spines on the disk and along the median portion 
of the ray (as stated by Sladen), while in héspidus the spines are all 
over the abactinal surface. The first has pedicellariae on the inter- 
radial areas only, while in the second they may occur on the mar- 
ginal and abactinal plates. Both have 5 to 7 furrow spines and 
15 adambulacrals corresponding to the first 10 inferomarginals. 
Wood-Mason and Alcock state, however, that the abactinal spines 
occur numerously on the disk and along the central axis of ray. 
They record intermarginal pedicellariae. These occur, in variable 
numbers, in the Albatross specimens from stations 5606, 5608, 5609, 
5668, but not in those from stations 5630, 5660, and in 2 examples 
from 5608. 

In the Albatross specimens the abactinal spines are absent or else 
very few and widely scattered on the lateral portions of the paxillar 
area of ray, but apparently a little more widely distributed than 
in Sladen’s type, and apparently a little less than in Ludwig’s con- 
ception of hispidus. However, in some specimens their distribution 
just about coincides with that in Alcock’s figure of Aiéspidus (1894,. 
Echinoderms, pl. 2, fig. 5@). This character is slightly variable. 

I have not used the name hispidus for these specimens, although 
the abundance of pedicellariae in some of the examples would seem 
to indicate their close alliance if not identity with that form, be- 
cause the occurrence of pedicellariae is subject to great variation 
and also because Wood-Mason and Alcock state that the marginal 
plates are closely covered with capillary spinelets. In the Albatross 
specimens the spinelets are more spaced, as described for mimicus. 
Likewise the Albatross specimens are from nearer the type-locality 
of mimicus. I fully agree with Koehler that the differences, so far 
as known, between Aispidus and mimiécus are rather subtle. 

The following table indicates some of the variations in the speci- 
mens examined: 


No. of 





No. of : 
adambula-| ¢ Actinal : Abac- 
furrow |. . Actinal : : : 
: cral plates ; interradial | ; . Intermarginal tinal rin Depth, 
Station.) “to first aE pedicel- Enroniare ual pedicellariae. | pedicel- | mm. | fathoms, 
10 infero- | PYnt lariae. | P ; lariae. 
marginals. y- | 
| 
5606 17 (16) 7-9 | Abundant. | To far along ray Serer er None Bl $34 
orachial. | 
5608a 15 6-7 |. -do:-...- Proximal half | 1 or 2interbra- |...do 7.5 1, 089 
of ray. chial. | 
56085 15 (14) 6-7) |£3-6- 26 5=,-.-- Nonewcceeeece INGnGsesss ccc as se doves: 6 1, 089 
5608e | 15 (13, 14 6 | Numerous.| Few........... TAO sear aepb otal ue do. 6.5 1,089 
5609 17 (16h) 5-6" 2-200 s..-s Proximal half | 1to3interbra- | Few...-.. 9.5 1,092 
of ray. chial. 
5630a 154-18 §-6.| 7-9.......- INGNO ls osecse INOHO=* ose sees None 12 569 
156306 15 5-6 | None...... mio hOie oe Bremtercee PORE occ kh allies do. 6 569 
5660 15 6-7 OS ese ROWees stoners ec Or aes ncceloce do. 11.5 692 
5668a 15 (16) 8-9 | Numerous.| Faralongray..| Interbrachial | Few..... 9 801 
and along ray 
5668) 17 Wet lee sdOesets alt aes GOs sect | ee se GO ses attr. Very few | 8.5 901 
\ 
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The large specimen from station 5630, it will be noted, has pedicel- 
lariae only on the actinal interradial areas. It is of a stouter build 
than the other specimens, the marginal spines being very robust. 
This, and to a less extent the specimen from station 5660 (also 
from a lesser depth than the majority of examples), resemble the 
form called “ Pontaster forcipatus, var. echinata,” by Sladen. The 
stouter habit may be correlated with the difference in depth. 
Koehler also notes a similarity to echinatus in some of his speci- 
mens of hispidus (1909, p. 12). It would be interesting to know if 
these specimens are likewise from shallower water (stations 250 and 
317, 480 and 590 fathoms). 

The number of adambulacrals to the first 10 inferomarginals 
varies in full-sized specimens from 15 to 18, but 15, 164, or 17 is the 
usual number, 

The abactinal paxillae conform to the figures and descriptions of 
Sladen, except that in specimens from stations 5609 and 5668 a few 
abactinal pedicellariae are present. These are found on the disk or 
base of rays and have 2 to 4 short jaws, thicker than the paxillar spine- 
lets. Beyond the interbrachial arc the marginal plates have a 
considerable area around the spines in which the spinelets are 
irregularly and widely scattered. There are sometimes 2 accessory 
inferomarginal spines at the base of the ray. The inferomarginal 
pedicellariae, usually 1 but occasionally 2 to a plate, are subcir- 
cular and occur on the suture between the inferomarginal and adam- 
bulacral plates (with most of the spinelets on the former) or on 
the inferomarginal close to the lower edge. There are usually 4 to 
6 stout, tapering, pointed jaws, much stouter than the neighboring 
spinelets. The actinal interradial pedicellariae stand on 1 or 2 
plates, and when well developed have 7 or 8 jaws. They are usually 
subcircular, but sometimes assume a double-pectinate form, more 
as in Cheiraster, but retain the stout jaws. In Cheiraster the jaws 
of the pedicellariae are relatively slenderer. 

On the outer part of the ray (sometimes for as much as the distal 
half) the adambulacral plates have a second smaller upright spine, 
situated between the principal subambulacral spine and the furrow 
margin. It occasionally nearly equals the principal spine in size, and 
seems to be, morphologically, an aboral furrow spine which has 
moved onto the surface of the plate. This spine is not mentioned by 
Sladen, but it might be easily overlooked. 

The dorsal muscle bands are each attached to the outer end of 
fifth ambulacral plate (specimens from stations 5609, 5668) by a 
slender rather inconspicuous tendon, once to twice as long as the 
transverse dimension of the ambulacral plate. A second very incon- 
spicuous tendon can be traced to the seventh plate, or to one of a 
few succeeding plates. The fifth ambulacral is higher than the 


STARFISHES OF THE PHILIPPINE SEAS. 185. 


others. This tendon seems to be smaller than in either P. forcipatus 
er P. evoplus. 

In P. hylacanthus the attachment of the muscle is to the sixth or 
geventh ambulacral plate, and the tendon is even less conspicuous 
than in mimicus. 

Type—tn the British Museum. 

Type-locality—C hallenger station 191, Arafura Sea, northwest of 
the Aru Islands (lat. 5° 41’ S.; long. 134° 04’ 30’” E.), 800 fathoms, 
green mud, bottom temperature 39.5° Fahr. 

Distribution —Arafura Sea, Flores Sea, Strait of Macassar, and 
Celebes; recorded by Alcock and Wood-Mason from Laccadive Sea, 
1,000 fathoms.t. Including the race palawanensis, to Palawan Pas- 
sage. Bathymetrical distribution 692 to 1092 fathoms. Range in 
temperature 36.3° to 39.5° F, 

Specimens examined.—Thirteen, from the following stations: 

Station 5606, Gulf of Tomini, Celebes (lat. 0° 16’ 28’’ S.; long. 121° 
33’ 30’’ E.), 8384 fathoms, er&n mud, 3 specimens. 

Station 5608, Gulf of Tomini, Celebes (lat. 0° 08’ S.; long. 121° 19’ 
E.), 1,089 fathoms, gray mud, bottom temperature 36.3° F.; 3 
specimens. 

Station 5609, same locality, 1,092 fathoms, green mud, bottom 
temperature 36.3° F.; 1 specimen. 

Station 5630, near Batjan Island, Molucca Islands, 835 fathoms;. 
2 specimens. 

Station 5654, Gulf of Boni, Celebes, 805-fathoms, bottom not re- 
corded, bottom temperature 38.3° F.; 1 specimen. 

Station 5660, Flores Sea (lat. 5° 36’ 30” S.; long. 120° 49’ E.), 
692 fathoms, gray mud, sand, bottom temperature 39.2°. F.; 1 
specimen. 

Station 5668, Macassar Strait (lat. 2° 28’ 15” S.; long. 118° 49’ 
E.), 901 fathoms, gray mud, bottom temperature 38.2° F.; 2 speci- 
mens. 

PECTINASTER MIMICUS PALAWANENSIS, new subspecies. 


Plate 52, fig. 3; plate 54, figs. 2, 2a. 


Diagnosis—In general appearance, posture of superomarginal 
spine, and restriction of abactinal spines to central axis of ray, re- 
sembling P. mimicus, but differing in having, on the ray, much 
fewer granuliform spinelets accompanying the abactinal spines (be- 
yond fifth superomarginal reduced to 1 to 5, or sometimes, distally, 
to 0); in connection with this difference the marginal and actinal 
spines are uniformly robust and there are very abundant actinal 
intermediate, inferomarginal, intermarginal, and a few abactinal 
pedicellariae; the spinelets of marginal plates are few, being reduced 


1 Possibly referable to a distinct race. 
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sometimes to a single series, rather widely spaced on edge of plate, 
and the general surface of the marginals, beyond the basal fourth of 
ray, is bare, or has only a very few widely scattered spinelets. R= 
about 95 mm., r=11.5 mm.; R=about 8 r; rays narrow, long with 
a very attenuate distal portion; 15.5 or 16 adambulacrals to first 10 
inferomarginals. 

Description—Beyond the fifth superomarginal, the central spine 
of the abactinal plates (which is generally absent from the lateral 
portions of area) is accompanied by 8 to 5—very rarely more—small 
spinelets, or by only 1 or 2. Sometimes the spinelets are entirely 
lacking, especially on the distal half of the ray. In some specimens 
the reduction is more accentuated. The other plates bear 1 to 5 
(sometimes 0) inconspicuous spinelets. The average large paxillae 
of disk and basal portion of ray bear 5 to 15 granuliform spinelets 
in a single circle around the central spine. A variable, but usually 
small, number of fasciculate and pectinate pedicellariae, with 2 to 8 
robust jaws, are scattered over disk aff proximal half of ray. 

Marginal spines stout. With the exception of the first 2 to 4 
plates, the spinelets are relatively few and found mostly around 
the borders, sometimes fairly widely spaced and in a single series, 
with a few spinelets widely scattered over the general surface. The 
marginal series may even not be complete, or along the transverse 
borders 2 or even 38 series, usually irregular, may be present, with 
only 1 on the longitudinal margin. As a consequence most of the 
surface of the marginal plates is bare, and more of the surface of 
the superomarginals is unencumbered than of the inferomarginals. 
The second inferomarginal spine is stout, and on the first 2 or 3 
plates a third is often present (as in mimicus). Certain supero- 
marginals may have 2 spines, and inferomarginals 2 primary spines 
and 2 secondary, or 1 primary and 3 unequal secondary. ‘These 
plates are irregular or inconstant in occurrence. 

Adambulacrals with a salient furrow margin and 7 to 9 furrow 
spines, very similar to the armature of the typical form. The sub- 
ambulacral spine is rather stouter than usual in mémicus, and distally 
there is a second smaller one (as in mémicus) between the furrow 
margin and the principal spine. The first 2 plates in 2 out of the 
6 specimens have 2 subambulacrals. Mouth plates with 2 or 3 
stout suborals and about 6 marginal spines, in addition to a series 
of 6 along the margin of median suture. 

Pedicellariae abundant, and present: (1) Sparsely on the abactinal 
surface (pectinate and fasciculate); (2) in variable numbers on 
the suture separating the supero- and inferomarginal plates, both 
interbrachially and along the ray, or interbrachially only (fascicu- 
late) ; sometimes these occur near the upper edge of an inferomar- 
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ginal; (8) 1 to 3 pedicellariae near the inner edge of the infero- 
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marginals or on the suture between inferomarginals and adambula- 
crals (fasciculate), these extending usually half to two-thirds the 
length of ray; the jaws are 3 to 6, stout, flattened, pointed, blunt, or 
truncate; (4) 10 to 22 fasciculate or fasciculate-pectinate pedicel- 
lariae on each interradial area. In addition to the pedicellariae, 
which have 2 to 8 jaws, the actinal intermediate plates bear a rela- 
tively few subequal papilliform spinelets. 

The abactinal muscle bands are attached to the outer end of the 
fifth ambulacral ossicle which is conspicuously higher than the pre- 
ceding ones; sometimes it is the fourth on one side of ray and fifth 
on the other. 

Papular areas broadly elliptical, swollen, bisected by a line pass- 
ing across ray at outer end of interradii; papular pores about 20. 

Type.——Cat. No. 37003, U.S.N.M. 

Type-locality.—Station 5349, Palawan Passage (lat. 10° 54’ N.; 
long. 118° 26’ 20’’ E.), 730 fathoms, coral sand, bottom tempera- 
ture 40.6° F.; 6 specimens, all more or less mutilated. 

Distribution—Known only from type-locality. 

Remarks.—While this form is evidently very closely related to 
P. mimicus, it is not at all evident whether it represents a geo- 
graphical race, or simply a local variation, because the specimens 
were all taken at a single haul. The characters seem to call for more 
formal recognition than would be accorded them under a discussion 
of variations. 

This race, we may not unreasonably conjecture, occupies the China 
Sea basin at depths between 700 and 1,000 fathoms. 





PECTINASTER HYLACANTHUS Fisher. 
Plate 48, fig. 2; plate 49, fig. 2; plate 54, fig. 1. 
Pectinaster hylacanthus FISHER, 1913c, p. 204. 


Diagnosis —Related to P. mimicus Sladen, from which it differs 
in having the central spines of the paxillae distributed all over the 
abactinal surface, and in having 138 (exceptionally 12 or 14) adam- 
bulacrals corresponding to the first 10 inferomarginals. R=79 mm., 
r=10.5 mm., R=7.5 r approximately; breadth of ray at base, 11 to 
12 mm. General appearance similar to that of P. mimicus; disk 
small, rays long, slender, recurved at tip; superomarginal plates con- 
fined to side wall of ray, with an upright sharp spine close to, or 
on upper margin; normally no abactinal pedicellariae; abactinal 
spines numerous and generally distributed; small spinelets in 1 or 
sometimes 2 circles surrounding base of spine; adambulacral furrow 
spines 7 or 8 at base of ray; pedicellariae variable, present usually 
on actinal interradial areas, and sometimes also intermarginally, and 
on actinal surface of intermarginals, 
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Description.—Most of the abactinal paxillae with a central spinule, 
0.75 to 1 mm. long; these spinules are uniformly distributed all over 
the abactinal surface, even to tip of ray, which has in consequence a 
hirsute appearance. The larger paxillae have 8 to 15 short blunt 
papilliform spinelets in a circle around the central slender terete 
spine. These stand upright or diverge slightly; they are not closely 
appressed to the base of the spine, as in Sladen’s figure of mimicus. 
(But mimicus is variable in this respect.) These spinelets are pres- 
ent on the outer part of ray, but are smaller, and reduced to 3 to 6. 
Papularium very broadly oval, small, with 20 to 25 pores. <A line 
drawn across the base of ray passes through the middle or outer half 
of the papularium. Abactinal pedicellariae normally absent; I find 
a single inconspicuous one in the type. There are none on a speci- 
men from station 5619, plentifully supplied with actinal pedicellariae. 

Superomarginals 41 (in type), confined to side wall of ray and 
bearing near the upper edge a stout conical spine, equaling (beyond 
the fourth or fifth) about 14 to 1% plates in length. It is a little 
shorter than that shown in Sladen’s figure of mémicus, and a little 
shorter than in the Albatross specimens of mémicus. The general 
surface of the plate is covered with papilliform spinelets similar to 
those of the paxillae, but a little longer. These are slightly spaced, 
and are present all over the proximal plates, but distally they are 
widely spaced and leave an area around the base of the spine, nearly 
or quite bare. Rarely, near the middle of ray there are a few 
fasciculate pedicellariae on the intermarginal suture. These are 
present only in the type, which is from rather deeper water than the 
other specimens. There is also, in the type, in 3 interradii, a small 
intermarginal pedicellaria, similar to that which is rather char- 
acteristic of the form here called mimicus. 

Inferomarginals with a stout, sharp, conical spine (3.5 mm. long), 
slightly larger than that of superomarginals, and close to upper edge 
of plate; below this, a smaller spine, about one-third or one-half as 
long. The tapering, bluntly-pointed spinelets are a little longer 
than described by Sladen for mimicus (but subequal to the spine- 
lets in Albatross specimens of mimicus), and while they are rather 
widely spaced on the actinal surface, there is no definite naked area 
such as seems to be characteristic of mimicus. They can not by any 
stretch of the imagination be called granuliform. 

Actinal interradial areas small and plates not extending beyond 
third inferomarginal. The plates bear spaced, short, slender, equal 
spinelets or upward of 8 or 10 pectinate-fasciculate and fasciculate 
pedicellariae to each interradial area. The type has 6 or 8 to each 
area, while in specimens from station 5619 they are present also on 
the ventral surface of upward of 10 or 15 proximal inferomarginals. 
The pedicellariae are subcircular, with 4 to 6 short, stout, pointed 
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to truncate jaws (2 or 8 times thicker than the actinal spinelets) 
confined to a single plate, or sometimes shared by 2 plates (in inter- 
radial area). The pedicellariae are similar in form to those of P. 
filholi Perrier (=forcipatus Sladen). 

Thirteen adambulacral plates (exceptionally 12 or 14) correspond 
to first 10 inferomarginals. Furrow margin of plate semicircular, 
about as salient as in méméicus; consecutive plates separated by an 
interval ¢qual to about two-thirds or three-fourths the length of 
the plate, at base of ray. Furrow spines in type, 8 at base of ray, 
then 7, and on outer part of ray 9 or 10. It is difficult to determine 
exactly the number of furrow spines, because on the transverse 
margins of the plate are 1 to 3 spinules which partly or wholly form 
a part of the palmate furrow series (especially distally where the 
plates are narrow). There is 1 prominent tapering, sharp, some- 
times slightly curved subambulacral spine about as long or a little 
longer than the adjacent inferomarginal plate. Frequently, but 
not always, near the above and the outer adoral corner of plate is 
a small spinule distinct from the spinules of the transverse margin, 
or rarely 2 or even 3 spinules may be present on a few proximal 
plates. 

Marginal mouth spines, 6 or 7; about 7 spines along the median 
suture, flattened, pointed, and decreasing in length toward outer 
end of plate. On the surface of plate, near inner end, an inter- 
mediate series of about 3 spines (in small specimens 1 or 2 only), 
of which 1 is enlarged but is smaller than the homologous subambu- 
lacral spine. 

Madreporic body situated about its own diameter (or a little more 
or less) from inner edge of marginal plates; striae coarse. 

Anatomical notes—The dorsal muscles are very stout and are 
found on the outer part of the ray. The end of the ray is usually 
recurved, and sometimes forms a spiral. The muscles of either side 
are attached to the dorsal body wall and to the outer end of the 
sixth or seventh ambulacral ossicle, which differs from the rest in 
being higher and having a special knoblike crest at the outer end 
for the attachment of the tendon. This tendon, in spite of the size 
of the muscle, is rather inconspicuous. The muscles are much 
heavier and the tendon longer and decidedly less conspicuous than 
in P. agassizi evoplus (from California) and P. filholi (from the 
Atlantic). These two species are also relatives of P, mimicus. The 
difference in the muscles alone will distinguish hylacanthus from 
filholi and evoplus. Not infrequently the muscles are so strongly 
contracted that they have entirely broken away from the tendon, 
which will be found, however, attached to the ambulacral ossicle 
(usually easily recognizable by its greater height). 
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Variations—The most important variation in this species is in 
the occurrence of pedicellariae, which in the southern specimens are 
more numerous than in the northern. They may be almost or entirely 
absent (specimens from station 5445) or present on the actinal inter- 
mediate plates, and intermarginally (the type), or present interradi- 
ally and on the actinal surface of the inferomarginals (station 5619). 
The small spinelets of the abactinal plates may sometimes form 
2 concentric series around the central spine, the inner series, how- 
ever, usually incomplete (station 5629). 

Young specimens have few papular pores and few pedicellariae 
(when these are present in the adults from the same station). The 
relation of 10 inferomarginals to 13 adambulacrals is, however, 
maintained. The abactinal spines are present all over the abactinal 
surface in the smallest example examined (R=15 mm.). 

Type.—Cat. No. 32626, U.S.N.M. 

Type-locality—Station 5467, Lagonoy Gulf, southeastern Luzon, 
480 fathoms, green mud; 1 specimen. 

Distribution—Molucca Passage to north coast of Samar, 383 to 
435 fathoms, green mud, fine gray sand; bottom temperature, 44.3° F, 

Specimens examined.—Thirty-four. 

Station 5444, north coast of Samar (lat. 12° 43’ 51’” N.; long. 
124° 58’ 50’ K.), 308 fathoms, green mud, bottom temperature 45.3° 
F.; 1 specimen. 

Station 5445, north coast of Samar (lat. 12° 44’ 42’ N.; long. 124° 
59’ 50’’ E.), 383 fathoms, green mud, sand, bottom temperature 
44.3° F’.; 19 specimens. 

Station 5619, Molucca Passage (lat. 0° 35’ N.; long. 127° 14’ 40’” 
E.), 435 fathoms, fine gray sand; 13 specimens. 

Remarks-—As indicated in the diagnosis this species closely re- 
sembles P. mimicus, from which it differs in having only 13 adam- 
bulacrals to the first 10 inferomarginals, while mémzcus has 15 to 18. 
In mimicus the abactinal spines are absent from the lateral portions 
of the area, while in Aylacanthus they are distributed all over the 
area. 

P. mimicus inhabits depths of from 692 to 1,092 fathoms, sub- 
jected to a temperature of 36.3° to 39.5°, while hylacanthus is found 
in less than 500 fathoms, the only temperature record being 44.3°. 

P. hylacanthus resembles very closely Ch. niasicus, the two occur- 
ring together at stations 5445 and 5619. The differences are pointed 
out under the latter species. 

Genus CHEIRASTER Studer. 
Cheiraster StupER, 1883, p. 129; 1884, p. 49. Type, C. gazellae Studer. 
KEY TO THD SPECIES OF CHEIRASTER HBPRHIN DESCRIBED. 


a.’ Some of the abactinal plates of either rays or disk, or both, with enlarged 
central spine at least 3 times as long as the peripheral spinelets. 
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d.2 Central spine of abactinal plates present on disk and rays, sometimes very 
sparsely on the former. 
ec. Numerous abactinal spines on disk as well as on the rays; pectinate 
pedicellariae on actinal intermediate plates and usually fasciculate 
pedicellariae on the inferomarginals____-___ niasicus Ludwig, p. 192. 
c.” Abactinal spines very few on disk; normally no pedicellariae present. 
inops Wisher, p. 191. 
v2 Central spine of abactinal plates present on ray only, frequently very 
few and confined to the outer attenuate portion of the arm; pedicel- 
lariae on abactinal, inferomarginal, actinal intermediate plates, and 
sometimes also on the superomarginals, and over the intermarginal 
sutures. 
ec. Papularia small, with about 25 pores which do not extend farther than 
the middle of the third superomarginal; superomarginals narrow, 
about twice as long as wide proximally; furrow spines 10-12; oral 
spines 11-13; the innermost spine flattened, the tip of 1 of a pair 
grooved or incipiently bifid; second not conspicuously widened; first 
adambulacral plate with a single subambulacral spine. 
diomedeae Fisher, p. 200. 
c” Papularia large, with 35 to 80 pores, which in full-grown specimens 
extend to opposite the sixth or seventh superomarginals; superomar- 
ginals wider, distinctly less than twice as long as broad; furrow spines 
in largest specimen 9 or 10; in small and medium sized examples about 
8; oral spines 8 to 10, the inner 2 broad, spatulate, with truncate often 
crenulate tip; first adambulacral with 2 subambulacral spines. 


gazeliae Studer, p. 196. 
a’. No enlarged central spine on abactinal plates. 


b. Disk medium; 1 superomarginal spine throughout series; subambulacral 
spine prominent. 

c. Very large papularia with 35 to 80 pores; inferomarginal spines long 
and rather slender; inferomarginal spinelets slender, papilliform; 
usually numerous inferomarginal fasciculate pedicellariae; 15 to 154 
adambulacral plates to first 10 inferomarginals; 1 suboral spine. 

gazellae Studer, p. 196. 

ce” Very small papularia with about 10 pores; inferomarginal spines short 
and thick; inferomarginal spinelets squamiform on center of plate; 
normally no fasciculate pedicellariae on the actinal surface of infero- 
marginals; 17 adambulacral plates to first 10 inferomarginals; 2 sub- 

CORUM eee Bd ya ES oR die AE ue, ludwigi Fisher, p. 203. 

bv! Disk large; distal superomarginals with transverse series of 3 prominent 
spines; actinal interradial areas rather large; pectinate pedicellariae on 
proximal inferomarginals and on actinal intermediate plates; subambu- 
lacralispinetrather small 222092 wer ie a triplacanthus Fisher, p. 205. 


CHEIRASTER INOPS Fisher. 


Cheiraster inops FisHeEr, 1906, p. 1048, pl. 10, fig. 4; pl. 17, fig. 2.—KorHurr, 
1909, p. 15.—Lupwie, 1910, pp. 445, 446. 

Notes on Philippine specimens.—The largest specimen exceeds the 
type in size. R=118 mm., r=16.5 mm., R=7.1 r; breadth of ray at 
base, 19 mm., at third inferomarginal, 15 or 16 mm. It is smaller 
than Koehler’s specimen, in which R=130 mm. 

These specimens differ slightly from the type, but the difference 
in size must be taken into consideration. The central spine of the 
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paxillae is found scattered rather widely over the disk, where it is 
of inconspicuous size. On the ray they are larger and more numer- 
ous than on the disk, and more numerous in the larger of the 2 
specimens, being found on the lateral as well as on the median por- 
tions of the area. The furrow spines vary from 7 to 9, and the sub- 
ambulacral spine is prominent and curved slightly. The plates of 
the outer third or two-fifths of ray havesa small subambulacral 
spinule between the principal spine and the furrow margin, and the 
first 2 or 3 plates may also have a similar spinule (but sometimes 
placed external to the large one). On the rest of the ray a slightly 
enlarged subambulacral spinelet usually stands aborad to the large 
spine. A number of spinelets stand merely on the edge of the plate 
and form a cordon spaced from the base of the large spine. There 
are 13 to 14, rarely 12 or 15, adambulacrals to the first 10 inferomar- 
ginals. The actinal intermediate plates are covered with spaced, 
pointed, slightly swollen spinelets, with usually an enlarged central 
spine. I do not think the presence or absence of the enlarged spine 
is of much importance for classificatory purposes. 

The specimen from station 5111 Has 2 small pectinate pedicellariae— 
almost rudimentary—in one interradial area; otherwisé¢ pedicellariae 
are absent. 

The papularium is flat and distally strongly two-lobed. I am 
unable to trace a tendon from the dorsal muscles, but the tenth and 
eleventh ambulacral ossicles are slightly higher than the preceding. 
It is probable that a very rudimentary tendon is attached to their 
outer ends. 

Type.—Cat. No. 21157, U.S.N.M. 

Type-locality—Station 3865, Pailolo Channel between Molokai 
and Maui, Hawaiian Islands, 256-283 fathoms, fine volcanic sand 
and rocks; bottom temperature 44.8° F. 

Distribution —Hawaiian Islands, Philippine Islands, Indian Ocean: 
south of Ceylon; bathymetrical range, 256 to 684 fathoms. 

Specimens examined.—Two: 

Station 5111, Balayan Bay, Luzon, 236 fathoms. 

Station 5445, north coast of Samar, 383 fathoms, green mud, sand; 
bottom temperature 44.3° F. 





CHEIRASTER NIASICUS Ludwig. 
Plate 47, fig. 2; plate 54, figs. 4, 4a. 
Cheiraster niasicus Lupwie, 1910, p. 456. 

Diagnosis —Differing from Cheiraster inops in having pectinate 
pedicellariae on the actinal intermediate plates and usually also fas- 
ciculate pedicellariae on the inferomarginals, as well as more numer- 
ous abactinal spines on the disk. Abactinal spines variable in num- 
ber, but scattered all over disk and rays; superomarginals encroach- 
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ing conspicuously upon actinal surface; inferomarginals with more 
than 1 accessory spinule proximally, adambulacral furrow spines 
8 to 10. In a large specimen R=95 mm., r=12.5 mm., R=7.5 r; 
breadth of ray at base, 15 mm. (Station 5447.) 

Description—Abactinal spines variable in number, but more nu- 
merous than in CA. énops and scattered all over the abactinal area; 
numerous in the type. Larger paxillae of disk with 10 to 15 short, 
pointed spinelets in 1 or 2 circles around the spine. On the ray the 
paxillae are spaced (one-half to their own diameter apart) and have 
5 to 9 spinelets. No abactinal pedicellariae. 

Superomarginal plates with the dorsal surface broader than long 
proximally (in large specimens) and longer than broad distally; 
in small specimens they form a conspicuous border to the abactinal 
area, but the plates are narrower than long. Each plate is tumid, 
and separated from the adjacent plates by a prominent, oblique 
groove. Each bears nearer the outer than inner margin a sharp taper- 
ing spine equal to the length of 1.5 to 2 plates. The first 2 spines 
are shorter. General surface of plate covered with upright spaced 
spinelets similar to those of the paxillae. Superomarginals 48 in 
largest specimen (that used for description). 

Inferomarginals also tumid actinally and laterally; and proxi- 
mally wider than long, the actinal surface becoming narrower dis- 
tally. There is a stout, tapering, sharp, lateral spine equal to a 
little less or a little more than the length of 2 plates. In addition 
to this there are proximally 2 or 3 unequal accessory spinules below 
or internal to the principal spine, these gradually reduced to 1 dis- 
tally which may be one-half to three-fourths the length of the prin- 
cipal spine. In small specimens only 1 accessory spinule is present. 
The plates are covered with short spinelets, several of which near 
the lateral spines are slightly enlarged. 

Actinal intermediate plates extending, in the largest specimen, to 
the third inferomarginal and covered with numerous slightly spaced 
subpapilliform, pointed spinelets, with usually also 1 or 2 central 
enlarged spines (except in some young specimens, station 5619). 

Furrow spines 8 to 10, usually 9 or 10, but in small specimens 
sometimes 7, and similar to those of Ch. inops. Along the adoral 
transverse margin of the plate are 3 or 4spinelets and a slightly larger 
spinelet stands aborad of the subambulacral spine, which is promi- 
nent and carried on a central prominence of the plate. On the outer 
third of the ray the accessory spinelet moves inward and stands 
between the subambulacral and the aboral, inner corner of the plate. 
It is lacking in small specimens, except sometimes close to the end 
of the ray. The number of adambulacrals to first 10 inferomar- 
ginals, 14 or 15. 
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Mouth plates with about 8 marginal spines, the inner two con- 
siderably enlarged. One prominent suboral spine is present near 
the inner end of the plate, and a series of about 7 or 8 spinelets 
follows the margin of median suture. Several spinelets are present 
on the outer part of the plate between the adambulacral margin and 
median suture. The enlarged subambulacral is sometimes absent, 
or poorly developed (station 5619, small specimens). 

Pedicellariae are present: (1) Rarely on the vertical (interradial) 
suture between the first superomarginal plates of either ray (station 
5619); (2) in a similar position on the inferomarginals (same 2 
specimens, but not in all interradii); (3) fasciculate pedicellariae 
on a variable number of inferomarginals beyond the second or third, 
and near inner edge of plate. There are 8 to 12 on either side of 
the ray in the largest specimen, and sometimes 1 or 2 spinelets be- 
long to an adjacent adambulacral plate. Each pedicellaria, which 
is circular, is composed of 5 to 7 sharp spinelets. These pedicellariae 
are lacking on small specimens from stations 5626 and 5658, and few 
on a specimen from stations 5624, 5618, and 5445. (4) Two or 3 
pectinate pedicellariae (sometimes as many as 6) are present in each 
interradial area. Rarely a pedicellaria is fasciculate and confined 
to 1 plate (stations 5447, 5619). 

A small specimen from station 5658 and 2 from station 5348 (the 
largest having R equal to 21 mm.) lack pedicellariae. There are 14 
adambulacrals to the first 10 inferomarginals, and at most only 2 
papular pores to each papularium. These specimens are placed here 
rather than under Pectinaster hylacanthus because the superomar- 
ginal plates encroach conspicuously upon the abactinal surface and 
the superomarginal spines are situated near the outer part of the 
plate. In P. hylacanthus the superomarginals are confined to the 
side of the ray. The specimens are classed with néastcus rather than 
with Ch. inops on account of the more numerous abactinal spines. 
They may really be small examples of Ch. pilosus Alcock. It is not 
possible, as a rule, to be entirely certain of the identification of 
young Cheiraster and Pectinaster. The specimens just mentioned 
do not exhibit any characteristics which would place them unequivo- 
cally in either genus, and without the adults for comparison it would 
not be possible to say whether they belong to Pectinaster or Cheir- 
aster. As to the specific identification, it must be considered only 
as probable. Cheiraster pilosus, Ch. inops, and Ch. niasicus are very 
closely related. I am not certain of the characters of Ch. pilosus. 
Alcock describes and figures several accessory inferomarginal spines, 
while Ludwig (1910, p. 456) writes that there is only 1 (in contra- 
distinction to inops and niasicus, which have several). Alcock fig- 
ures and not very definitely describes actinal intermediate pedi- 
cellariae, indicated also by Ludwig (1910). Koehler (1909, p. 13) 
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places pélosus in Pontaster (as restricted by Perrier), thus indicat- 
ing that pedicellariae are absent. 

In the largest specimen there are 38 spores to the papularium 
examined, distributed in 4 irregular longitudinal rows. The papu- 
larium is bifureate distally. 

A very small, rudimentary tendon from the dorsal muscle joins 
the outer end of the tenth ambulacral ossicle, which does not differ 
in form from its neighbors. This tendon can be seen only with 
difficulty. 

Type-locality—Not stated (unless the name refers to Nias Island, 
off Sumatra). 

Distribution—Gulf of Boni, Celebes, and Molucca Islands to 
Palawan Passage and Luzon, Philippine Islands; “ Indian region” 
(Ludwig). 

Specimens examined—Twelve. 


Specimens of Cheiraster niasicus exanined. 




















Depth. Bottom 
Station. Locality. (fath- | Nature of bottom. | No. |temper- 
| oms) ature. 
ours 
5348 |Palawan Passage, lat. 10° 57’ 45’’ N.; long. 118° 38’ 15’’ | 370) || Coralisand so. 2.2 - 2 56.4 
5445 | North coast Samar...............22eeeeeeeeeeees Bas 383 | Green mud, sand .| 1 44.3 
tA 7a A OO VAR UD yee ae tala a inca ota loinla in ieinimin sieraicisisteifarsi= 408 | Green mud, coral.| 1 | 42.3 
DO 157 PP DLONICCH PC ASSAL Ors clase sine eet cielee ec tlteinwiclette = wicie = eel | 417 | Gray mud..-.....- 1 VASES 
5619) || -<2% Oe eee see eee ecto rite aeaieigu aan cicero 435 | Fine gray sand, AWN oases 
| mud. 
5624 Beeneen Gillolo and Makian Islands, Molucca | 288) Hineeray sande) VL) looeseae= 
Islands. 
5626 | Between Gillolo and Kayoa Islands..............-.- | 265 ie mud, fine Ea isoieratenccas 
sand. 
BGoSi | Gulhof Boni, Celebesiice- <6 cc sceesinacio cle aie cc ccje=iaie | 510 | Gray mud......... J 41.2 








Remarks.—This species differs from Ch. pilosus in having longer 
and slenderer rays, especially distally (R=7.5 r as against 6+ in 
pilosus) ; and in the adult stage in having inferomarginal fasciculate 
pedicellariae, and rather fewer abactinal spines. 

The specimens from stations 5618 and 5619, perhaps, belong to a 
distinct variety. They have only 1 accessory inferomarginal spine, 
and the dorsal surface of the superomarginals is narrower than in 
any of the other examples. It is these specimens which have a 
subcircular pectinate pedicellaria on the interradial marginal 
sutures, as described for Ch. trullipes (Sladen). In trullipes, how- 
ever, there are no enlarged central paxillar spines, the paxillae are 
much smaller, and actinal intermediate plates are absent (due to im- 
maturity, very probably). The specimens from stations 5618 and 
5619 have also actinal intermediate and inferomarginal pedicellariae, 
§ or 9 furrow spines, 8 oral spines, and the abactinal spines not very 
thickly scattered all over the abactinal surface. The papularium 
contains 14 or 15 pores, and is a trifle swollen, but it is slightly two- 
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lobed. A curious circumstance is that these specimens closely re- 
semble examples of Pectinaster hylacanthus, with which they were 
at first confused, the two forms having been taken at the same 
dredge haul. They are distinct, however, and really belong to dif- 
ferent genera, although the presence in both of inferomarginal fas- 
ciculate pedicellariae is misleading. In hylacanthus the superomar- 
ginals are more lateral in position, and the spine is nearer the upper 
edge of the plate. The pedicellariae have blunter, broader jaws, 
and the actinal intermediate pedicellariae of néasicus are generally 
pectinate—that is, on two plates, although subcircular in shape. The 
papularium of hylacanthus is more swollen, and when examined from 
the inner side the plates are seen to be more modified, especially in 
the center of the area, and the area itself shows no sign of being 
two-lobed. The superficial similarity of the two species is, however, 
very striking. 

Ludwig’s original diagnosis of Cheiraster niasicus is very brief and 
incomplete—scarcely more than enough to technically fix the name. 
There are many points about which more information would be de- 
sirable; for instance, the dimensions, proportions of marginal plates, 
and minor details of ornamentation. But since a number of major 
characters of the present species nearly or quite agree with the diag- 
nosis of niasicus, I have given Ludwig’s name to the Albatross speci- 
mens. The description was based largely on a specimen from Station 
5447, Lagonoy Gulf, 408 fathoms. 


CHEIRASTER GAZELLAE Studer. 


Plate 50, figs. 1-3; plate 51, fig. 1; plate 52, fig. 1; plate 54, figs. 3, 3a; plate 56, 
figs., 15 (2: 


Cheiraster gazellae STupER, 1883, p. 129; 1884, p. 50, pl. 4, fig. 8, a, b, e. 


The specimens listed below belong to a corner of the genus in 
which the features relied upon to differentiate species are subject to 
considerable variation. The species of this section look alike, so 
that the characters sought to separate them are difficult to handle 
because they concern minute, or perhaps subtle, points of structure 
which do not come out welt in photographs, and which may even 
escape the notice of a conscientious observer. The specific groups, 
into which this section of ChAciraster has been divided, must, there- 
fore, be considered as experiments. ‘They may not stand the test. 

Ludwig (1910, p. 456) states in his key that the enlarged central 
spinule which occurs on the abactinal plates of several species, nota- 
bly pilosus, niasicus, and inops, is lacking in gazellae. He appears 
not to have examined specimens personally, judging by a lst of 
species, given on page 436, which he had examined for the dorsal 
muscle bands. There is no evidence from Studer’s figure that the 
distal abactinal plates lack the small central spinule (such as charac- 
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terizes Ch. snyderi), for the reason that the ray is recurved and the 
terminal third is hidden, and the figure is not large enough to show 
such spines. Studer does not mention them. It must be remembered 
that Studer’s type was small, R measuring only 61 mm. 

In all the large specimens listed below these spinules are present. 
In 3 large examples from station 5538 the maximum of variation is 
present. In one the inconspicuous central spinules are found only 
on the terminal attenuate sixth of the ray and are few in number. 
In the other 2 specimens they extend unevenly to the papularia. In 
a large specimen from station 5122 the spinules are present only 
near the tip and are few in number. Numerous small examples 
(R 45-60 mm.) from station 5388 either lack the spinules or have a 
few on the terminal third or fourth of the ray. At best they are in- 
conspicuous. There are a few other differences which will be 
pointed out the course of the description. 

Diagnosis —Closely related to Ch. snyderi Fisher, but differing 
in having in the adult longer marginal, subambulacral, and furrow 
spines, larger papularia with more numerous pores, almost obsolete 
abactinal central spinules, slightly more numerous furrow spines; 
pedicellariae numerous on actinal intermediate plates, on inferomar- 
ginals, abactinally (very variable), and intermarginally; in large 
specimen 15 or 154 and in small specimen 14, adambulacral plates 
corresponding to first 10 inferomarginals. Large example from sta- 
tion 5122 measures: R=120 mm., r=15 mm., R=8 r; breadth of ray 
at base, 19 mm. 

Description.—As compared with Ch. snyderi, the spinelets of the 
paxillae are a little longer. A large paxilla has about 20 and a 
medium-sized one about 10 papilliform, pointed spinelets in a flori- 
form group. Sometimes the central spinelet is a trifle longer than 
the others. The enlarged central spinule, as stated above, varies in 
occurrence, being usually confined to the outer third to sixth of ray. 
but occasionally straggling as far as the papularium, and sometimes, 
especially in small specimens, being entirely absent. The papularia 
are large, bifid distally, the total length being about two-thirds the 
diameter of disk. In a large specimen (station 5122) there are 
about 85 pores to an area, and in a small example (station 5388), 
about 42; in Ch. snyderi there are about 30, and the papularium is 
about rin length. The outer end of the papularium is opposite the 
sixth or seventh superomarginal in gazellae; opposite the end of the 
third in snyderi. 

Abactinal pectinate pedicellariae usually rare. In some speci- 
mens from station 5388 they are very abundant. The larger consist 
of 7 to 9 sharp spinelets in 2 curved combs (each on a separate plate). 
These spinelets are conspicuously larger than the other spinelets and 
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the pedicellariae occur on the disk and nearly to tip of ray. Other 
examples from the same station have only a few abactinal pedicel- 
lariae, while in still others they may be all but absent. 

Superomarginals with a distinct dorsal surface, the spine being on 
the lateral face, spaced from the inner edge and in length equal to 
2 to 8 plates. It is a little longer than in snyder. Below the prin- 
cipal inferomarginal spine, which equals in length 2 to 3 plates, is a 
transverse row of 2 secondary spines, the median often over half as 
long as the lateral spine; or there may be 3 or 4 spaced secondary 
spines forming an irregular group. The inferomarginal armature 
is more prominent than in snyderi, where the principal spine scarcely 
ever equals 2 plates in length. At the base of the ray there is some 
irregularity in the number and position of the secondary spines. 

Furrow spines long, slightly curved, commonly 9 or 10, sometimes 
11, distally. The ends are usually blunt or truncate and slightly 
flattened. The subambulacral spine is prominent and often slightly 
curved and equal to 2 plates in length. On the outer part of ray a 
second smaller spine is present between the main spine and the furrow 
margin. As many as 10 to 15 spinelets stand on the edges of the plate 
and between the subambulacral spine and outer edge of plate. Two 
or 3 are conspicuously larger than the others, especially 1 near or 
on the aboral margin, which far along the ray moves inward and be- 
comes the accessory spinule. The first 2 or 3 plates usually have 1 
or 2 accessory subambulacral spines of conspicuous size, but beyond 
this point there is but 1 spine and the 2 or 3 enlarged spinelets spoken 
of above, until the outer part of the ray is reached when a second 
is regularly present. 

Marginal mouth spines 8 to 10, the inner 2 broad, truncate, spatu- 
late. There is one conspicuous suboral spine near the margin and 
15 to 20 suboral spinelets, those near the inner end the longest but all 
conspicuously shorter than the spine. 

Pedicellariae are present: (1) Sparingly on the abactinal surface. 
(2) A few between the superomarginal and inferomarginal plates. 
(3) Subcircular fasciculate pedicellariae near the inner edge of the 
inferomarginals, often with 1 or 2 of the spines standing on an ad- 
jacent adambulacral plate. There are usually 6 to 8 sharp, taper- 
ing jaws to each, and they extend upward of three-fourths the length 
of the ray, being absent usually from the first 2 plates. There are 
1 or 2 to a plate and they occupy the same position as do the pedi- 
eellariae in Pectinaster mimicus, except that here the jaws are slen- 
derer and sharp. (4) Upward of 12 prominent pectinate pedicel- 
lariae to each actinal interradial area. In the largest specimens 
the actinal plates extend to the fourth inferomarginal (sometimes 
the third) and bear in addition to the pedicellariae numerous spaced 
spinelets and usually an enlarged spinule. The latter is not at all 





; 
| 
| 
| 


STARFISHES OF THE PHILIPPINE SEAS. 199 


constant in occurrence. There are very few, or none, in some of the 
areas in small specimens (station 5388), while one or more areas will 
have at least a few developed. 

In the large specimen from station 5122 the dorsal muscle of each 
side sends 2 very inconspicuous tendons to join the upper and outer 
end of the twelfth and thirteenth ambulacral ossicles. It is conse- 
quently inaccurate to state that the muscle is not attached to the 
ambulacral ossicles in Chetraster. There is, however, no specialized 
knob as in Luidiaster dawsoni. My key (1911d, p. 120) should read 
“ ambulacral ossicle without specialized crest for attachment of ten- 
don of dorsal muscles; tendons very inconspicuous.” In the speci- 
mens of Ch. snyderit and Ch. inops which I examined for this fea- 
ture, the tendons can not be seen, possibly because the specimens were 
partly dried. Drying does not destroy the tendon in Luzdiaster, nor 
in typical Pectinaster. 

Variations——The principal variations have already been noted. 
Special mention should be made of specimens from station 5388, 
which have very numerous pedicellariae, especially on the abactinal 
surface. These abactinal pedicellariae, however, are very variable 
in number. There are 8 or 9 furrow spines, a trifle broadened at the 
tip, which may be rounded or truncate. The first plate has 2 sub- 
ambulacrals, the others have 1, until the outer part of the ray is 
reached, when there are usually 2, the smaller being next to the fur- 
row series. The marginal mouth spines are 8 and the inner is much 
enlarged, flattened, broader at the truncate tip than at base. The 
second spine is a little shorter, and about three-fourths the length of 
the inner. ‘The remaining 6 are subequal, two-thirds to three-fourths 
as long as the second oral spine, and very similar in every way to the 
first adambulacral furrow series, though sometimes individually a 
trifle broader. The inferomarginal and superomarginal spines are 
markedly longer than in Ch. snyderi of nearly equal size. In these 
specimens the papularia are much larger than in snyderi, extend- 
ing to the end of the fifth or middle of the sixth superomarginal 
plate. ‘The papulae are about 40 to 45 in these small specimens. 

Type-locality.—Lat. 18° 5’ 2’ §.; long. 116° 3’ 8’’ E. (off north- 
western Australia), 195 fathoms, gray mud. 

Distribution.—Northwestern Australia; Mindoro and southern 
Luzon, 195 to 256 fathoms, bottom temperature 51.4° to 53.3° F. 

Specimens examined —One hundred and eleven from the follow- 
ing stations: 

5122. East coast of Mindoro (vincinity Malabrigo Light), 220 
fathoms, green mud; 9 specimens. 

5388. Between Burias and Luzon (vicinity Bagatao Island Light), 
226 fathoms, soft green mud, bottom temperature 51.4° F.; 99 speci- 
mens. 
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5538. Between Negros and Siquijor, 256 fathoms, green mud, sand, 
bottom temperature 53.3° F.; 3 specimens (large). 


CHEIRASTER DIOMEDEAE Fisher. 
Plate 47, fig. 1; plate 54, figs. 5, 5a—c. 
Cheiraster diomedeae F1sHErR, 1917), p. 90. 


Diagnosis.—Rays 5, long, slender, with narrow marginals carrying 
1 superomarginal and usually 2 inferomarginal spines; abactinal 
plates, with 10 to 15 spinelets on disk, and on ray usually 2 to 7; 
enlarged central spinules scattered on outer half or two-thirds of 
ray; adambulacral furrow spines 10 to 12; 1 subambulacral except on 
outer part of ray, where there are 2; 11 to 13 oral, and 1 prominent 
suboral spine. Papularia small, with about 25 pores, which do not 
reach farther than opposite middle of third superomarginal. Pecti- 
nate pedicellariae on the abactinal surface, between the proximal 
superomarginals, over the intermarginal suture, on the actinal inter- 
mediate plates; fasciculate pedicellariae on the actinal surface of 
inferomarginals. Related to Ch. snydert. R=86 mm., r=10 mm., 
R=8.6 r; breadth of ray at base (between first and second supero- 
marginals, 10 mm.; at middle of ray, 5 mm. 

Description.—The groups of spinelets of the abactinal plates are 
slightly spaced—usually about one-third the diameter of the pseudo- 
paxilla, which consists, on the disk of 10 to 15 tapering rough spine- 
lets, the 3 to 5 central variable in length, but ordinarily longer than 
the peripheral. Some of them have a short central spinule overtop- 
ping the rest, but not long enough to rank as an enlarged central 
spine, the latter occurring on the outer half or two-thirds of the 
ray, where the distinctly spaced pseudopaxillae have 2 to 7 short 
delicate spinelets. Only a relatively few along the radial area have 
an enlarged central spine. This is slender, rough, pointed, and 
variable as to length, being proximally 3 to 5 times the length of the 
peripheral spinelets, and distally upward to 10 times. Some of the 
jarger spines have 9 or 10 peripheral spinelets. Pectinate pedicel- 
Jariae are scattered on the disk and base of rays. They consist of 
2 combs of 3 to 5 pointed spines, 2 to 4 times longer than the ordinary 
spinelets of the same plate. The 2 combs are on adjoining plates, and 
appear to be a little less specialized than in Ch. gazellae, inasmuch 
as the plate is scarcely different from the other except for the pres- 
ence of the slightly curved comb of sharp spines. Some combs do not 
have a vis-a-vis. 

The papularia are small, with about 25 pores in 4 rows, the distal 
end being scarcely two-parted. The papularium extends to opposite 
the end of the second or the middle of the third superomarginal 
plate, its total length being 6 to 7 mm. and breadth 4 mm., or, re- 
spectively, 0.6 to 0.7, and 0.4, the minor radius. The small papu- 


STARFISHES OF THE PHILIPPINE SEAS. 201L 


Jarium alone will readily separate this species from gazellae, in which 
the pores of even small specimens are over 35 in number. 

The superomarginals, 40 in number, are narrow abactinally, the 
extreme length being about twice the abactinal breadth (2.5 mm.: 
1.25 mm.), and the long single spine is lateral in position. This 
spine is quite short on the first plate, but increases in length up to 
the fifth, where it is exactly 2 plates in length; this length is main- 
tained for a few plates, then the spine decreases gradually and a 
little more rapidly than the decrease in the length of the plates, for 
on the outer half of ray it is 1.5 plates in length. The first 3 or 4 
transverse superomarginal sutures have a small pectinate pedicellaria. 
The general surface of the plate is covered with very short, slender, 
delicate spaced spinelets, a little longer near the base of spine. No 
accessory spinules, 

Inferomarginals rather narrow actinally but very tumid laterally, 
with one slender, tapering, sharp, lateral spine, ordinarily a little 
slenderer and shorter than the corresponding superomarginal spine 
on the proximal third of ray; but beyond that point the spine de- 
creases very slowly in size, while the superomarginal decreases much 
more rapidly. The inferomarginal spine is 1.5 to 2 times the 
length of the superomarginal on the outer third of the ray and about 
2 to 2.25 plates in length. Just below the principal spine is a sec- 
ond one, half to two-thirds its length, while on the proximal fourth 
of ray is a third (and sometimes beside it a fourth) about one-half 
or two-thirds as long as the inner border of the plate. The general 
surface of the plate is covered with well-spaced spinelets similar to 
those of the superomarginals. With the exception of the first or 
first 2 inferomarginals and those of the terminal third of ray (about 
the last 20), the actinal surface of each plate bears 1 or 2 conspicuous, 
circular, fascicular pedicellariae with 5 to 8 sharp, tapering teeth. 
In addition, on the longitudinal intermarginal suture, to nearly 
every pair of supero-inferomarginals beyond about the tenth, is a 
small pectinate pedicellaria with 3 to 5 slightly modified spinelets 
to each comb. The 2 combs meet over the intermarginal suture and 
may occur up to the last marginals. 

Corresponding to first 10 inferomarginals, 16 adambulacral plates. 
The latter are distinctly spaced and have a semicircular, prominent 
furrow margin bearing at the base of ray 10, increasing on outer 
part of ray to 12 slender, round-tipped, slightly curved spines, of 
which the median 6 or 7 are the longest. On the actinal surface of 
plate is a single slender, tapering, sharp, slightly curved spine about 
as long as the inner border of the adjacent inferomarginal; on the 
outer two-fifths of ray a second shorter one is added between the 
first and the furrow series. There is no second subambulacral spine 
on the first ambulacral, as in Ch. gazellae, Ch. snyderi, Ch. inops, 
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and Ch. niasicus. One or 2 small spinelets stand on either trans- 
verse margin of plate and 1 or 2 near the outer margin. 

Actinal intermediate plates 16 to 20 to each area and extending 
to middle or end of second inferomarginal. Each area has 8 to 10 
conspicuous pectinate pedicellariae, the largest with 5 or 6, some- 
times 7, sharp spines, of the characteristic Cheiraster form, to each 
curved comb. General surface of plates with short, equal, slender, 
spaced spinelets as long as those of inferomarginals, and to each 
area 1 to 3 plates have an enlarged spinule. 

Mouth plates with 11 to 13, usually 12, marginal spines, the inner 
truncate or round tipped, broad, and about half as long as the inter- 
radial suture between the 2 plates; the next is blunt, about half as 
broad and three-fourths as long, while the remaining spines re- 
semble those of the first adambulacral. There is 1 suboral spine to 
each plate, near the free margin and a little nearer the aboral than 
the inner corner. It is not quite so long as the first subambulacral. 
There are 18 to 20 short, tapering, pointed spinelets on the convex 
surface of the plates; 1 just back of the inner marginal spine is inter- 
mediate in size between the spinelets and the suboral. 

Madreporic body large, with a large plate on its inner side and 7 
other rather large plates (in addition to about 3 small) surrounding 
it. Ridges irregular, transverse, in an interradial direction. It is 
situated its own diameter from margin. 

Type.—Cat. No. 37035, U.S.N.M. 

Type-locality— Station 5512, Ilgan Bay, north coast of Minda- 
nao, 423 fathoms, gray mud, fine sand, bottom temperature 52.8° 
F.; 1 specimen. 

Distribution—Known only from the type-locality. 

Remarks.—This species may be distinguished from Ch. inoeps by 
the absence of scattered, enlarged, central paxillar spines on the 
disk and by the presence of abundant conspicuous pedicellariae; by 
the more numerous furrow and oral spines and the absence of a sec- 
ond subambulacral spine on the first adambulacral plate. It may be 
distinguished from Ch. niasicus by its lack of enlarged abactinal 
spines on the disk, by its very narrow superomarginals (in niasicus 
they are wider than long), by the narrower inferomarginals, more 
numerous oral and subambulacral spines, and by the absence of a 
second subambulacral spine on the first plate. The marginal plates 
of niasicus are rather heavy; in diomedeae they are relatively small. 
Ch. snyderi seems to be the nearest relative. It has, however, fewer 
adambulacral and oral spines, a second subambulacral spine on the 
first plate, broader inferomarginals with longer miliary spinelets, 
shorter and stouter major marginal spines, and several conspicuous 
accessory inferomarginal spinules. Further snyderi has shorter rays, 
shorter abactinal spinelets, lacks the conspicuous inferomarginal fas- 
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ciculate pedicellariae of diomedeae, and has a much smaller madre- 
poric body. 

The principal differences between gazellae and diomedeae are as 
follows: gazellae has much more extensive papular areas, with more 
numerous pores, even in small specimens. Large specimens have 
about 80 pores and small examples 35 or 40 or even more, according 
to size. In diomedeae there are but 25, or half as many as a similar 
sized specimen of gazellae would have. In gazellae there are fewer 
marginal mouth spines and furrow spines, which are stouter, and the 
first adambulacral has 2 well-developed subambulacral spines. The 
abactinal, enlarged spines of the ray of diomedeae are more con- 
splcuous and more numerous than usually the case in gazellae, 
although this character is variable and difficult to apply. 


CHEIRASTER LUDWIGI Fisher. 
Plate 48, fig. 1; plate 49, fig. 2; plate 55, figs. 2, 2a. 
Cheiraster ludwigi FisHErR, 1913c, p. 205. 


Diagnosis —Differing from Ch. gazellae Studer (as herein under- 
stood) in having only about 10 papular pores, and consequently very 
small papularia, which do not extend beyond the first superomar- 
ginal upon the rays; in having short, robust inferomarginal spines, 
subsquamiform or squamiform central inferomarginal spinelets, no 
sign of distal abactinal enlarged spinules, and normally no infero- 
marginal fasciculate pedicellariae; in having 17 instead of 15 to 15.5 
adambulacrals to first 10 inferomarginals, and 2 suboral spines in- 
stead of 1. Rays 5. R=53 mm., r=9.5 mm., R=5.5 r; breadth of 
ray at second superomarginal, 9 mm. Superomarginal spine stout, 
near middle of plate; 1 stout inferomarginal spine and 1 conical 
accessory spinule below it; adambulacral plates very prominent, 
meeting in middle of furrow; furrow spines 7 or 8; 1 subambulacral 
spine (2 on first plate and on distal plates) ; oral spines 7; suboral 
spines 2. 

Description.—Abactinal plates only slightly elevated, the groups 
of small, subequal, bluntly pointed or obtuse spinelets distinctly 
spaced, sometimes more than the diameter of the group. No enlarged 
central spine anywhere on the abactinal surface. The larger paxillae 
of disk have 10 to 12 upright or slightly divergent spinelets; the 
smaller (in the minority) have 5 to 7, or upward of 10. On the ray 
5 to 7 slightly slenderer spinelets surround a single central one, or 
3 to 5 form a simple group. One or 2 inconspicuous pectinate pedi- 
cellariae are present near the anal aperture. Papularia small, 2 
parted with about 10 pores, the distalmost being even with a line 
across the ray between the interradial marginal sutures of either 
interbrachium. The superomarginals, 25 in number, are longer than 
broad beyond the fifth, and encroach narrowly upon the abactinal 
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area, the stout, tapering, sharp spine being situated on a slight 
tumidity at center of plate, and directed horizontally outward. The 
spines increase in length up to the fourth or fifth, which is about 
one and one-third times the length of its plate; thence the spines 
decrease in size gradually with their respective plates. General 
surface of plate covered with spaced small spinelets similar to those 
of the paxillae. Sutures between plates prominent and very oblique 
dorsally. On the interradial suture between the 2 first superomargi- 
nals is a prominent pectinate pedicellaria (in one interradius 2, one 
above the other), with sometimes one, also, between the first and 
second plates of either ray. On the distal third or fourth of ray, 
between each pair of supero-inferomarginals, is a pectinate pedicel- 
Jaria. 

For the distance of the first 4 or 5 marginal plates the ray is 
unusually thick dorsoventrally. Inferomarginal plates tumid, with a 
stout lateral spine similar to the superomarginal, and below this 1 
small spine. On the outer part of the ray the lateral spine is about 
as long as2 plates and longer than the corresponding superomarginal. 
Surface of plates covered with slender, pointed, appressed spinelets, 
larger, more spaced, and squamiform on the central portion of plate. 
They are directed away from the inner margin of the plate. 

Actinal intermediate areas small, there being but 2 plates in the 
series between the mouth and first inferomarginal plates, and about 
8 for each area, the plates reaching to the middle of the second in- 
feromarginal. Each area has about 4 very prominent semiovoid 
pectinate pedicellariae with about 5 or 6 blunt, slightly curved spine- 
lets in each comb. The plates also bear spaced subequal spinelets 
similar to those of the inferomarginals. 

Adambulacral plates with a very prominent furrow margin, which 
touches that of the opposite plate and segregates consecutive pairs 
of tube feet, the mesial furrow spines standing upright, and the 
lateral usually also. Furrow spines 8 (sometimes 7), the 3 or 4 
mesial terete, untapered, or only very slightly tapered, round-tipped, 
and upright, similar to the corresponding spines of trullipes but 
longer (equaling the plate in length). On either side of these are 
2 slightly tapered, bluntly pointed spines, the lateralmost the shorter. 
On the center of the plate is a prominent, upright suboral spine (1.5 
times length of plate). On the first plate there are 2, and on the 
distal third of the ray there are regularly 2, the second appearing 
external to the first, not toward the furrow as in the distal plates of 
gazellae. Six to 8 spinelets form a series around the remaining 3 
sides of the plate, usually about 2 standing on either transverse 
suture margin. 

Marginal mouth spines about 7, which decrease in size from the 
prominent inner tooth to the third spine, which is only half as long. 
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Then the spines increase slightly, to decrease again, the outer 4 being 
independently graduated in length toward the 2 mesial (fifth and 
sixth from inner end of series). Suboral spines 2, in a series parallel 
to median suture, along which are about 6 spinelets on each plate, in 
addition to 1 or 2 in line with the suborals. 

Pedicellariae, as detailed above occur: (1) Abactinally; (2) be- 
tween the superomarginals interbrachially; (3) between supero- and 
inferomarginals on outer part of the ray; (4) on the actinal inter- 
mediate plates. One inferomarginal plate of the type has a small 
fasciculate pedicellaria and one-half of a pectinate pedicellaria on 
the transverse suture. 

Madreporic body situated its own diameter distant from margin, 
and with a large plate on the adcentral side; striae numerous, fairly 
coarse. 

Type—Cat. No. 32627, U.S.N.M. 

Type-locality.—Station 5660, Flores Sea (lat. 5° 36’ 30°’ S.; long. 
120° 49’ F.), 692 fathoms, gray mud, sand, bottom temperature 
39.2° F.; 1 specimen. 

Distribution—Known only from the type-locality. 

Remarks—This deep-water form differs from Ch. trullipes 
(Sladen) in having a well-developed actinal intermediate area, 
actinal and intermarginal pedicellariae, larger abactinal paxillae, 
longer furrow spines, 7 oral spines, and 17 (instead of 15) adambu- 
lacrals to the first 10 inferomarginals. Ch. trullipes was taken by 
the Challenger west of Luzon, in 1,050 fathoms, blue mud, bottom 
temperature 37° F. It thus belongs to greater depths and to a lower 
temperature belt than the Flores Sea species. 

This species is named in honor of the late Dr. Hubert Ludwig, 
whose paper on the Notomyota includes a most useful revision of 
Cheiraster. 

CHEIRASTER TRIPLACANTHUS Fisker. 


Plate 48, figs. 3, 4; plate 55, figs. 1, 1a. 


Cheiraster triplacanthus FIsHER, 1913c, p. 206. 

Diagnosis —Belonging to the subtuberculatus group; differing 
from subtuberculatus in having actinal pedicellariae, 7 or 8 furrow 
spines, longer inferomarginal spines, and especially in having a trans- 
verse series of 3 prominent superomarginal spines on the distal half 
of ray and 1 spine only on the proximal half. Disk large, rays slen- 
derer than in subtuberculatus, tapering very gradually from wide 
interbrachial arcs to a bluntly pointed tip. R=49 mm., r=12 mm., 
R=—4 r; breadth of ray at first superomarginal 14 mm., at third, 
8.5mm. No abactinal spines; papularia large, flat, two-lobed; 1 in- 
feromarginal spine, and proximally 1 or 2 small accessories; 8 or 9 
oral, and 1 suboral spine. 
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Description.—Abactinal area plane, slightly lower than the mar- 
ginal plates, which form a broad border to the area. Abactinal 
plates low, slightly convex, not at all paxilliform, and bearing small, 
prickly, sharp granuliform spinelets. The largest plates, on the 
papularia, have upward of 10 to 12 peripheral and 2 to 4 central 
granules, while on the proximal part of the ray 1 or 0 central and 
5 to 8 peripheral granules are found. The number of granules de- 
creases toward the end of the ray. On the outer third the number 
is reduced to 2 or 3, and on the distal fourth, to 1. The groups 
of granular spinelets are rather uniformly spaced on the disk and 
proximal half of ray one-third to one-half the width of the group. 
No enlarged central spines and no pedicellariae. 

Papularia large, as long as the first 4 superomarginals and as broad 
as the length of the first 3, strongly two-lobed. In fact, each papu- 
larium is double and joined only at the adcentral end. There are 
about 80 pores to each. 

Anal opening prominent, guarded by 6 plates with longer spinelets 
than elsewhere on the area. 

Superomarginals 22 or 23, encroaching broadly upon the abactinal 
area, slightly tumid, especially toward ambitus, and separated by 
prominent, oblique, smooth grooves. The armature is peculiar. 
About the first 10 plates bear on the rounded margin between the 
dorsal and lateral facets of the plate a short, stout, pointed tubercle, 
proximally acorn-shaped, which is shorter there than the length of 
plate. This spine increases slightly in length and decreases in thick- 
ness distad. Beyond the tenth, the plates are more tumid, and each 
bears a transverse series of 3 subequal, tapering, rough spines which 
occupy the whole width of the plate. Proximally they are a little 
Icnger than their plate, and near the end of the ray are equal to 
about 3 plates in length. Parallel to the major spines is an adoral 
series of 3 accessory spinules, while aborally there is an enlarged 
spinule which often is nearly as large as the major spines, and is 
associated often with 1 or 2 much smaller spinules. This abrupt 
transition from 1 to 3 superomarginal spines gives a very character- 
istic appearance to the armature of the superomarginals, as the 
distal spines are bent over and usually cover the abactinal area. 
General surface of plates covered with small widely spaced spinelets 
similar to those of the abactinal area, which become larger on the 
low lateral face of plate. The terminal plate is prominent, wider 
than long, and covered with spines. 

Inferomarginal plates slightly tumid, bearing a single lateral, 
tapering, sharp spine, a little longer than its plate proximally, and 
regularly and gradually decreasing in size toward end of ray. The 
first 4 or 5 plates have 1 or 2 small accessory spinules forming a 


STARFISHES OF THE PHILIPPINE SEAS. 207 


transverse series below the lateral spine. The general surface of 
plate is covered with spaced, pointed spinelets longest on the well- 
rounded surface between the ventral and lateral aspect of the plate, 
and longer than the superomarginal spinelets. 

Actinal interradial areas rather large, the distance between the 
inner edge of inferomarginals and outer end of mouth plates equal- 
ing first 3 inferomarginals measured on ambitus, or the distance be- 
tween interradial suture of marginal plates and the distalmost in- 
termediate plate. Each plate bears a few subequal, spaced, papilli- 
form spinelets. Each interradial area bears 6 to 8 subcircular pec- 
tinate pedicellariae, with 3 to 6 stout, sharp jaws. Sometimes a 
pedicellaria consists of only 1 comb. 

Adambulacral plates with a semicircular furrow margin bearing 
a fan-shaped group of 7 or 8 slender spines, slightly shorter than 
their plate, the 2 or 3 median sometimes slightly shorter than those 
spines immediately to either side. There is 1 subambulacral spine 
about as long as its plate, and proximally 1 to 3 spinelets form a 
more or less evident longitudinal series with the above. Distally 
the subambulacral spine is not prominent and is accompanied by 
1 to 3 spinelets only shghtly smaller and all subequal to the furrow 
spinelets. Seventeen (or 16.5) adambulacrals correspond to first 
10 inferomarginals. 

Mouth plates broad, with 8 or 9 marginal spines, the inner the 

longest, tapering, bluntly pointed, the rest subequal to the adambu- 
lacral furrow spines and decreasing a trifle in length at outer end 
of series. About midway between inner and outer ends of plate is 
a short conical suboral spine, about as long’ as the subambulacral. 
Six or 7 spaced spinelets follow the median suture margin and about 
3 the margin adjacent to first adambulacral plate. 
' In addition to the actinal intermediate pedicellariae a small 
pectinate pedicellaria occurs irregularly ventrally on the transverse 
suture, between any of the first 5 inferomarginals, but never between 
all of them. 

Madreporic body small, with few coarse striae, and situated twice 
its diameter from the inner margin of the superomarginal plates. 

Type. Cat. No. 32628, U.S.N.M. 

Type-locality.—Station 5651, Gulf of Boni, Celebes, 700 fathoms, 
green mud; bottom temperature, 38.7° F.; 1 specimen. 

Distribution—Known only from the type-locality. 

Remarks.—This Cheiraster has a very different appearance from 
any others herein listed. The transverse series of 3 prominent spines 
on the distal marginals is very characteristic and will serve to dis- 
tinguish the species from Ch. subtuberculatus and Ch. granulatus 
(see Ludwig, 1910, p. 456). The presence of only 1 prominent in- 
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feromarginal spine and of inferomarginal pedicellariae are addi- 
tional differences separating triplacanthus from granulatus. Ch. sub- 
tuberculatus was taken by the Challenger at station 164, off the 
coast of Australia, east of Sydney, 950 fathoms, green mud; bottom 
temperature 36.5° F. 


Genus BENTHOPECTEN Verrill. 


Benthopecten VrErRritt, Amer. Journ. Sci. and Arts, vol. 28, 1884, p. 218 
(footnote).—Lupwie, 1910, p. 464 (part).—FisHer, 1911ld, p. 142. 
Type, B. spinosus Verrill. 

Parachaster SLApDEN; 1885, p. 610.—Lupwie, 1910, p. 462 (part). Type, 
P. pedicifer Sladen; figure. 


KBY TO SPECIES OF BENTHOPECTEN HEREIN DESCRIBED. 


a. Actinal plates with a single spinelet, the long spines of disk graduated in 
lenethyintojspinelets| Of maya =s) ee eee B. moluccanus, p. 208. 


a’. Abactinal plates with more than 1 spinelet, at least on disk; the compara- 
tively few prominent spines of ray not graduated in length into those 
of disk. a 

b+. Abactinal plates of ray with upward of 5, or even more, spinelets; odd 
interradial superomarginal spine not unusually long (equal in length te 
first 1.5 to 2 superomarginals) ; short accessory superomarginal spines; 
inferomarginal pedicellariae on outer part of ray__B. polyctenius, p. 211. 
b’. Only 1 or 2 spinelets to each abactinal plate of ray; odd interradial 
superomarginal spine very long (equal in length to first 4 or 5 supero- 
marginals); no accessory superomarginal spines; no inferomarginal 
pedicellariae on outer part of ray____--_-______-_-- B. styracius, p. 213. 


BENTHOPECTEN MOLUCCANUS Fisher. 
Plate 538, fig. 1; plate 55, figs. 5, 5a—b. 
Benthopecten moluccanus, 1918¢c. p. 207. 


Diagnosis —Diftering from B. huddlestonii in having only 2 in- 
feromarginal and 2 subambulacral spines, and from B. acanthonotus 
in having a larger adambulacral furrow comb (with 7 to 9 spines), 
pedicellariae between the distal inferomarginal plates, very few or no 
accessory abactinal spinelets, a more restricted papular area, and in- 
feromarginal spines which are subequal proximally. R=80 mm., 
r=8 mm., R=10r; breadth of ray at base, about 10 mm. Disk 
small, rays slender and very flexible. Abactinal plates with a single 
spine, those of disk graduated in length into spines of rays; supero- 
marginals with 1 and inferomarginals with 2 spines; subambulacrals, 
2; furrow spines, 7 to 9; oral spines variable, 5 to 8; suborals, 3 to 5; 
abundant abactinal pedicellariae on disk and variable on rays; in- 
feromarginal pedicellariae in interbrachium and an outer part of 
ray; actinal intermediate pedicellariae often present. 

Description—Abactinal plates each with a single, slender, thorny 
spine, those of the disk long and bristling (4 mm., or equal in length 
to 1.5 proximal superomarginals). These shorten gradually from cen- 
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ter of disk to base of ray, as in B. huddlestonii, the spinelets of ray 
being well spaced and about 1 mm. long. A few plates have 1 or 2 
minute spinelets in addition to the above. Numerous pedicellariae, 
with 3 to 5 minutely thorny spinelets in each comb and with 2, 3, or 4 
combs to each pedicellaria, are scattered over disk and form an inter- 
rupted series along either side of ray near the marginal plates, for 
about half the length of ray. The pedicellariae are very variable in 
number on the ray. In the cotype there are 15 or 16 in each series; in 
the type about 3 to 5; in small specimens (R=up to 50 mm.) the 
pedicellariae do not extend beyond the papular area. 

Papulae are distributed over disk and along ray as far as the be- 
ginning of the third superomarginal plate. The end of the area is 
bilobed. 

Superomarginal plates, subelliptical, longer than high, confined to 
side wall of ray and with a long slender spine on the middle of the 
upper margin, below which is a much shorter and slenderer rather 
inconspicuous spinule and a second just aborad. The principal spine 
is longest in the fourth, fifth, and sixth plates, there equaling the 
length of 1.75 superomarginals (6 to 7 mm.). The surface of the 
plate is bare, except for 1 to 3 minute spinelets, near the adoral mar- 
gin of the plate. Interradial plate a little over 1.5 times as high as 
the adjacent first superomarginal, bearing at its upper end a stout, 
long, sharp spine (7 to 10 mm. long, or longer than r) and 8 acces- 
sory spinules about 38 mm. long. Terminal! plate broader than long, 
with a broad notch adorad, and the surface covered with numerous 
prominent spinules. 

Inferomarginals slightly in advance (aborad) of the superomargi- 
nals, and with 2 subequal spines, a little smaller proximally than the 
corresponding superomarginal spines; distally the upper spine is con- 
siderably longer than the superomarginal spine, while the lower is 
conspicuously shorter than its companion. Pedicellariae occur be- 
tween the inferomarginal plates irregularly in the interbrachium, 
and also on the outer half or two-thirds of rays. The occurrence is 
very variable even on different rays of the same example. Small 
specimens may lack the distal pedicellariae, and the interbrachial are 
lacking in a specimen, nearly as large as the type, from station 5619. 

The type has 6 actinal intermediate plates forming a single series. 
The plates have a subcentral slender spine and 2 or 3 minute spinelets, 
but no pedicellariae. In the cotype there is a pedicellaria in 2 inter- 
radii. Three specimens from station 5619 have the pedicellariae and 4 
lack them. One is interesting in having the pedicellariae between the 
odd inferomarginal and the intermediate plates. 

Adambulacral plates with 7 furrow spines on the first few plates, 
then 8 or sometimes 9. Subambulacral spines 2, in an oblique trans- 
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verse series. Nineteen or 20 plates correspond to the first 10 in- 
feromarginals. 

Mouth plates with 5 to 8 furrow spines, the inner much enlarged, 
the second slightly less so. Suboral spines 3 to 5. 

Madreporic body convex, prominent, touching an odd superomargi- 
nal; striae radiating; ridges rather fine. 

Variations and young.—In specimens of the same size as the type 
and cotype variation is found in the number of abactinal pedicellariae 
of the rays; in the occasional presence of 1 or 2 minute spinelets 
in addition to the regular spine of the abactinal plates; in the num- 
ber of inferomarginal pedicellariae; presence of actinal interradial 
pedicellariae; in the number of oral spines (5 or 6 in type, 8 in 
cotype) ; in the number of suboral spines (8 in type, 5 in cotype) 5 
length of odd interradial superomarginal spine (7 or 8 mm. in type, 
10 mm. in cotype). 

Small examples (R=30 mm.) have relatively very prominent inter- 
radial superomarginal spines, lack abactinal pedicellariae on rays, 
have very small or no accessory superomarginal spinules, have as 
few as 4 or 5 furrow spines, 4 oral spines, and 3 suboral spines. 
Specimens of intermediate size have 6 or 7 furrow spines, but the 
number of oral and suboral spines varies in specimens of the same 
size just as in the adult. The same is true of the actinal intermediate 
pedicellariae. 

There is a very young specimen from station 5619, having R 9mm. 
The odd interradial superomarginal spines are 5 mm. long; furrow 
spines 4 or 5, oral spines 6; no pedicellariae. 

Type.—Cat. No. 32629, U.S.N.M. 

Type-locality Station 5618, Molucca Passage (lat. 0° 37’ N.; 
long. 127° 15’ E.), 417 fathoms, gray mud; 2 specimens. 

Distribution—Known only from Molucca Passage. 

Specimens examined.—Nine; in addition to the type, 7 from station 
5619, Molucca Passage, near type-locality, 435 fathoms, fine gray 
sand and mud. 

Remarks.—This species differs from B. huddlestonii Alcock in 
having abactinal pedicellariae, only 2 inferomarginal spines, 2 sub- 
ambulacral spines, and a less complete series of inferomarginal 
pedicellariae. Although the type of moluccanus is much smaller 
than that of B. huddlestonvi, there are as Many, or even 1 more, 
furrow spines. In Ludwig’s key to the species of Benthopecten (1910 
p. 465) B. moluccanus would occupy a position just after B. huddle- 
stonti, with a coordinate subhead reading: inferomarginal plates 
with 2 spines; adambulacral plates with 7 to 9 furrow and 2 sub- 
ambulacral spines; mouth plates with 5 to § oral spines. 

B. moluccanus differs from B. semisquamatus (Sladen) and B. ani< 
arcticus (Sladen) in having pedicellariae and more numerous fur: 
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row spines. It differs from B. spinosus Verrill in having pedicel- 
lariae, in having only 2 (and larger) intercmarginal spines, smaller 
disk, smaller actinal intermediate areas, and more numerous long, 
abactinal disk spines, which are graduated in length into those of the 
ray, not abruptly larger as in spinosus. B. spinosus is of a much 
stouter habit, as is also B. mutabilis, which does not at all resemble 
moluccanus, having the abactinal spines abruptly larger in the middle 
of the disk. B. acanthonotus differs in having a shorter furrow 
comb with 4 to 5 spines, several prominent accessory inferomarginal 
spinules and 1 to 6 accessory spinelets in ccnnection with the abac- 
tinal spines of disk, and in having the inferomarginal pedicellariae 
confined to base of ray. 
BENTHOPECTEN POLYCTENIUS Fisher. 
Plate 51, figs. 2, 3; plate 52, fig. 2; plate 55, fig. 4. 
Benthopecien polyctenius FISHER, 19138c, p. 208. 

Diagnosis.—Closely related to B. violaceus (Alcock), but differing 
in having abactinal pedicellariae, inferomarginal pedicellariae far 
along the ray (in adult specimens), more numerous furrow spines, 
and 20 instead of 24 adambulacral plates to the first 10 inferomargi- 
nals.) R=224 mm., r=18 mm., R=12-+1; breadth of ray at base, 
23 mm. Abactinal area of large specimen with numerous large 
pedicellariae extending far along ray; abactinal plates with 4 to 8 
short spinelets, and scattered spines on disk only; superomarginals 
with 1 spine, together with 2 unequal accessory spinules and 3 or 4 
slender spinelets proximally, and only 1 accessory spinule over most 
of ray; 2 inferomarginal spines; 2 subambulacral spines, with often 
a third, smaller accessory ; furrow spines 13 or 14 (9 or 10 on first 2 
plates) ; 7 or 8 oral spines and 8 to 5 suboral spines; 20 adambulacral 
plates correspond to the first 10 inferomarginals, omitting the odd 
plate. 

Description of type.—Abactinal area with only short spinelets on 
rays and a few scattered spines on disk, the largest on the primary 
basal plates. Plates of ray with commonly 5 to 8 very short. spine- 
lets, which become abruptly longer and thicker on the papular area 
of disk and base of ray, where there are usually 4 to 6 to a plate. 
The spinelets are round tipped, slightly roughened, and invested 
with membrane. The spines of the disk are surrounded by upward 
of 10 spinelets. Numerous large pedicellariae composed of 2 or 8 
combs of about 5 to 7, slightly curved, pointed or blunt spines are 
scattered over disk and for a variable distance along the median 
line of ray—usually nearly to the end. The pedicellariae on the disk 


are 1.75 to 2.25 mm. in diameter. 
Papulae distributed all over disk and on the ray as far as the 


fourth superomarginal, the distal margin of the area being two- 


lobed. 


212 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 


Superomarginal plates confined to side wall of ray, and much 
longer than high. Each bears a long, slender, tapering spine, close | 
to the upper margin, 8 or 9 mm. long (equal to about 14 plates in 
length). The first 4 plates have usually 2 unequal, accessory spines, 
together with 3 or 4 slender spinelets. Beyond this point there is at 
first 1 accessory spine, much shorter than the principal spine, and 
gradually this decreases in size and merges in with the 2 or 38 spine- 
lets which accompany the principal spine. The interradial plate is 
higher than the rest and bears at the upper end 4 prominent spines, 
one of which is generally larger than the rest. 

Inferomarginals very nearly opposite superomarginals, not alter- 
nate as Alcock states is the case with violaceus. Inferomarginal 
spines 2, the lower the shorter. Very conspicuous pedicellariae with 
2 semicircular or arcuate combs (containing upward of 10 spines) 
are present on the transverse suture between nearly all the infero- 
marginal plates except the last dozen. The general surface of the 
marginal plates is bare except for a few widely scattered spinelets. 

Actinal intermediate areas small, with 8 to 12 large pedicellariae. 
The plates bear 1 to 3 slender spinules. 

Furrow spines 8 or 9 on the first 2 plates, gradually increasing to 
13 or 14. They are very slender and bluntly tipped. Subambu- 
lacral spines usually 2, commonly 4.5 mm. (or 2.5 plates) long. A 
third small spine, about as large as a furrow spine, stands at outer 
end of series and is sometimes enlarged into a regular suboral; an- 
other small spine usually stands on the adoral half of the plate, near 
the above series. Twenty adambulacral plates correspond to the 
first 10 inferomarginals, omitting the odd plate. 

Mouth plates with 7 or 8 marginal spines and 3 to 5 suboral spines, 
the latter in a series along the middle of the rather narrow exposed 
surface, with 1 spine between the innermost spine and the inner 
aboral corner of the plate. The 2 inner spines of the marginal series 
are enlarged. 

Madreporic body convex, prominent, situated its own diameter 
from the marginal plate; striae fine, irregular. There is a tuft of 
prominent unequal spines on the adcentral side of the madreporic 
body. 

Variations and young —The type is a very large specimen. The 
chief differences in the younger examples are: Fewer abactinal 
pedicellariae (comfined to papular area) ; usually fewer spinelets on 
abactinal plates; papulae extending to about the inner end of third 
superomarginal; less conspicuous accessory superomarginal spines; 
inferomarginal pedicellariae confined to base of ray (in small speci- 
mens) or interrupted and irregular in occurrence on the outer part; 
fewer furrow spinelets (7 to 9 in a specimen with R=80 mm. and 
a maximum of 11 in another with R=120 mm.); as few as 2 actinal 
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interradial pedicellariae, or even none in a specimen with R equal 
to 85 mm. 

Type.—Cat. No. 32630, U.S.N.M. 

Type-locality —Station 5654, Gulf of Boni, Celebes, 805 fathoms, 
bottom not recorded, bottom temperature 38.3° I’.; 12 specimens. 

Distribution —Known only from type-locality. 

Specimens examined.—Twelve, from type-locality. 

Remarks.—The largest specimen differs very markedly from /. 
violaceus (Alcock) ; but the type of the latter has R about 100 mm., 
and when comparison is made with an equal-sized example of the 
present form, the differences are by no means so striking. The type 
of B. violaceus is probably but half grown. A large specimen would 
very likely have more numerous pedicellariae, more numerous ab- 
actinal spinelets, and more numerous furrow spines. 

The following are the differences between PB. violaceus and B. 
polyctenius of equal size: 


B. violaceus. B. polyctenius. 
24 adambulacral plates correspond 20 adambulacrals correspond to first 
to first 10 inferomarginals. 10 inferomarginals. 
No abactinal pedicellariae. Abactinal pedicellariae few, on disk 


only. (In the type, numerous on disk 
and rays). 


Inferomarginal pedicellariae in in- Inferomarginal pedicellariae in in- 
terbrachial ares only. terbrachial ares and far along ray also. 
Furrow spines, 7 or 8. Furrow spines, 9 to 11 (as high as 


18 or 14 in type). 


B. polyctenius belongs to the genus Pararchaster, as defined by 
Ludwig (1910, p. 462). In his key the species would follow directly 
after violaceus, with the differential characters just cited. 


BENTHOPECTEN STYRACIUS Fisher. 
Plate 53, fig. 2; plate 55, figs. 3, 3a. 


Benthopecten styracius FisuHeEr, 19138¢c, p. 208. 

Diagnosis —Similar in general appearance to B. violaceus, but 
with numerous abactinal pedicellariae, and very large odd inter- 
radial superomarginal spines; differing from 2. polyctenius in hav- 
ing only 1 or 2 spinelets to each abactinal plate of the ray, much 
larger interradial superomarginal spines, no accessory superomar- 
ginal spines, fewer inferomarginal pedicellariae (none on outer part 
of ray), fewer furrow spines. R=105 mm., r=10.5 mm., R=10 r; 
breadth of ray at base, about 10 mm.; odd interradial superomarginal 
spine, 17 mm. long. 

Description—Abactinal surface in general resembling that of 
equal-sized specimens of 2. polyctenius, but the prominent spines 
of disk and basal portion of ray (papular area) fewer and smaller. 

13434—Bull. 100—19——15 





214 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 


Spinelets fewer, there being only 1 or 2 to a plate beyond the papular 
area, and on papular areas (including center of disk where papulae 
are absent) there are 1, 2, or 3 spinelets to a plate. On the scattered 
plates which have small spines there are 1 to 3 small spinelets in 
addition. In B. polyctenius, of the same size, the plates of ray have 
upward of 5 spinelets, and on the disk 2 to 5. On the disk and as 
far along ray as papulae extend are rather numerous prominent 
subcircular pectinate pedicellariae composed of 2 or 3 combs having 
each 3 to 5 acute spinelets. 

Papulae extending to distal margin of third superomarginal plate 
(second in cotype), a little farther than in a comparable specimen 
of polyctenius. 

Superomarginal plates in form and posture closely resembling those 
of B. polyctenius, but the accessory spines lacking, there being only 
a small spinule on the first 2 or 3 plates. The odd plate bears a rela- 
tively immense sharp spine (14 to 17 mm. long), as long or longer 
than diameter of disk, and the most characteristic feature of this 
species. This spine is about 7 mm. long in a comparable specimen 
of B. polyctenius, 

The inferomarginals bear 2 spines, the lower one-half to three- 
fourths the length of the upper, similar to those of B. polyctenius. 
The plates of outer third of ray are very slender and bear, as a rule, 
only 1 spine. Between the plates of proximal half of ray is a pecti- 
nate pedicellaria, but these may be absent from a number of plates, 
their occurrence being subject to variation. 

Actinal interradial areas small, bearing each 2 large pectinate 
pedicellariae (one interradius has 2.5 pedicellariae). 

Furrow spines 7 or 8, slender, bluntly pointed, the successive 
combs spaced a little less than their base ne. (In B. polyctenius a 
comparable specimen has 9 to 11 spines, the combs spaced only one- 
half the length of their base line.) Subambulacral spines 2, the outer 
shghtly the shorter, with a third quite small spinule usually present 
adorad of the outer spine. Nineteen to 22 plates correspond to first 
10 inferomarginals, omitting the odd plate. 

Oral spines 6; suboral, 3, in a series along middle of plate. The 
armature resembles that of B. polyctenius, which may have a few 
more spines, but the number of spines is variable. 

Madreporic body slightly spaced from the odd superomarginal, 
convex, with radiating striae. 

Type.—Cat. No. 32631, U.S.N. M. 

Type-locality —Station 5668, Macassar Strait (lat. 2° 28’ 15”’ S.; 
long. 118° 49’ E.), 901 fathoms, gray mud, bottom temperature 38.2° 
F’.; 2 specimens. 

Distribution —Known only from the type-locality. 
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Remarks.—Although this species is close to both B. violaceus and 
B. polyctenius, its characters seem to warrant its separation. It 
differs from B. violaceus in having numerous abactinal pedicellariae, 
larger interradial superomarginal spines, no accessory superomar- 
ginal spines, rather fewer abactinal spinelets, and fewer adambu- 
lacral plates to the first 10 inferomarginals. That styracius is a race 
of violaceus is quite within the range of possibility. 

As the foregoing description is largely in the form of a comparison 
between polyctenius and styracius nothing further need be added. 


Family RADIASTERIDAE Fisher. 


Mimasterinae SLADEN, 1889, p. 831.—FisHeEr, 1911d, p. 161. 
Mimasteridae VerRrity, 1914a, p. 282. 
Radiasteridae FISHER, 1916a, p. 4. 

Diagnosis—Phanerozonia, with small, subequal, subpaxilliform 
marginals, resembling the Astropectinidae abactinally and the Ga- 
neriidae actinally, but with sucking disks on the tube feet and com- 
plete membranous interbrachial septa, and superambulacral plates; 
abactinal skeleton consisting of penicillate, usually independent, 
paxillae; actinal plates imbricated in transverse series, tabulate, with 
a coordinated tuft of spinelets; adambulacral armature a coordinated 
tuft of spinelets increasing in length toward the two or three almost 
undifferentiated furrow spinelets; first adambulacral somewhat com- 
pressed ; mouth plates rather astropectinoid, with a straight or angu- 
lar marginal series of spines, with or without an unpaired median 
spine at the inner angle. 

Remarks.—In respect to its systematic position Wimaster Sladen 
has been a rather restless genus. Sladen recognized its curious com- 
bination of apparently incompatible characters and made it the type 
of a subfamily of the Pentagonasteridae. It has been variously re- 
garded as belonging to the Archasteridae (Perrier, 1894), Plutonas- 
teridae (Verrill, 1899), and Goniasteridae (Fisher, 1911d), until re- 
cently it was dignified by being raised to family rank (Verrill, 1914). 
Professor Verrill’s disposition seems to be the best way out of the 
difficulty. 

Since the publication of the Asteroidea of the North Pacific, I have 
had the opportunity of examining two true Mimasters, W/. tizardi 
Sladen, and M/. notabilis Fisher, as well as the W/. cognatus of Sladen, 
which appears to be generically distinct. 

The abactinal skeleton of J/¢master is strongly astropectinoid, the 
plates being typical penicillate paxillae, but the marginals, while 
perhaps neutral, remind one strongly of the marginals of Cycethra, 
2 resemblance heightened by the actinal and adambulacral armature, 
which is decidedly ganeriid. By having definite sucking disks on 
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the tube feet 4/imasiecr is removed from proximity to Lepiychaster, 
un association suggested by the dorsal surface, including the mar- 
ginals, while it can not be placed in the Ganeriidae because it pos- 
sesses superambulacral plates and lacks the heavily calcified internal 
interbrachial pillar, the reticulated, imbricated, abactinal skeleton, 
and the asterinoid abactinal armature of Cycethra and Ganeria. 

In Mimaster the membranous interradial septum forms a complete 
partition from the side wall of the disk to a free margin close against 
the stomach; but in Cycethra and in Ganeria (as in Solaster and in 
Asterina) there is a rigid pillar running from above the mouth plates 
to the abactinal surface, the coelom being undivided between this 
pillar and the margin (an incomplete calcified septum). 

Tn this connection I would like to call attention to the resemblance 
between Ganeria and the Solasteridae. The marginal plates of 
Ganeria falklandica are essentially like those of Solaster, and in the 
adambulacral armature we find a very generalized form of the 
peculiar pectinate type of the Solasteridae. The form and armature 
of the mouth plates, the actinal intermediate plates, and even the 
adambulacral plates can, however, be more nearly matched in the 
Asterinidae. The abactinal skeleton, though of an open reticulate 
form, especially on the disk, is more nearly like that of the Aster- 
inidae than like that of the Solasteridae. 

While perhaps in some way related to the Ganeriidae, I think 
Mimaster is well within the Phanerozonia. Gephyreaster, which I 
formerly associated with it in the Mimasterinae, and Priamaster 
Koehler seem to belong in this family in a special subfamily, the 
Priamasterinae.t. The internal anatomy of Priamaster has not been 
described. 

The purely nomenclatorial side of the matter is complicated by 
Radiaster elegans Perrier. Through the kindness of Dr. H. L. Clark 
I have examined the type (unfortunately dried) in the Museum of 
Comparative Zodlogy (No. 909, Dominica, West Indies, 982 fath- 
oms). From every outward indication this species is a typical 
Mimaster. Fadiaster has one year priority. 


Subfamily RADIASTERINAE Fisher. 
SYNOPSIS OF THE GENERA OF RADIASTERINAE. 


a, Gonads confined to the disk and consisting of several tufts springing from 
“a common point close to the interbrachial septum; hepatic coeca with 
long subdivisions, so that each ray appears to have from six to ten sepa- 
rate coeca of unequal length; tube feet with well-developed sucking 
disks; lateral abactinal plates not cruciform nor regularly imbricated. 
Radiaster” Perrier. 
1 Fisher, 1917d, p. 172. 
2 Component species: Radiaster elegans Perrier, genotype; R. tizardi (Sladen) ; R. nota- 
bilis (Fisher). 
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a. Gonads consisting of numerous tufts extending in a radial series near the 
superomarginal plates for over half the length of the ray; hepatic coeca 
two, not appearing multiple on account of long subdivisions as in the 
preceding; tube feet with very small sucking disks; lateral abactinal 
plates distinctly four-lobed, regularly imbricated____/ Mimastrella* Fisher. 


Genus RADIASTER Perrier. 





Radiaster Perrier, 1881, p. 17. Type, R. elegans Perrier—F1sHeEr, 1916a, 


p. 4. 
Mimaster SLADEN, Proc. Royal Soc. Edinburgh, vol. 11, 1882, p. 702. Type, 
M. tizardi Sladen; 188386, p. 579, pl. 84; 1889, p. 381. 


RADIASTER NOTABILIS (Fisher). 
Plate 41, figs. 6, 6a; plate 57, fig. 2; plate 58, fig. 1. 


Mimaster notabilis Fisher, 1918a, p. 624. 
Radiaster notabilis FisHEerR 1916a, p. 5. 

Diagnosis —Difiering from FR. tizardi (Sladen) in‘ having much 
slenderer rays, more numerous paxillar spinelets, more prominent 
paxiliiform marginal plates, a narrower actinal intermediate area 
on ray, and fewer adambulacral spinelets. R=104 mm., r=35 mm., 
R=3 r; breadth of ray at base, 39 mm. Paxillae spaced with upward 
of 75 delicate, terete, pointed spinelets, either closely appressed in a 
cylindrical upright group or radiating and forming a subglobose 
crown; marginal plates small, paxilliform, the inferomarginals the 
larger, about as high as the length of the base, and standing out 
horizontally from ambitus; the crown of spinelets compressed, wider 
than long; actinal intermediate plates in 10 or 11 very regular 
chevrons and extending to the end of the ray; halfway along ray 
about 5 actinal intermediate plates in a transverse series (8 or 9 in 
tizardz) ; intermediate plates with spaced, cylindrical, upright paxilh- 
form groups of slender spines; adambulacral armature resembling 
that of W/. tizardi, but with 13 or 14 (instead of 15 to 20) spinelets, 
2 or 3 of which (about 1.5 plates in length and considerably stouter 
than the rest) occupy the furrow margin. 

Description—Paxillae spaced; spinelets numerous, very delicate, 
terete, pointed, forming sometimes a cylindrical flat-topped group 
and sometimes from their radiating position a more or less hemi- 
spherical group. The abactinal surface very greatly resembles that 
of a Dipsacaster. The paxillae are arranged at the sides of the area 
in a sort of quincunx—in series oblique to the radial line, but in 
series trending both distad and proximad from any given point. The 
paxillae are a little smaller on the center of disk than toward the 
margin, where the longest are found, but the difference is not great. 
One of the larger paxillae has between 50 and 75 very delicate, sharp, 





1 Fisher, 19i6a, p. 5; genotype, Mimaster cognatus Sladen. 
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practically capillary spinelets, shghtly shorter to slightly longer 
than the stout cylindrical convex pedicel. On the outer part of the 
ray the pedicel is usually shorter than the spinelets. The madreporie 
body is covered by about 20 very large paxillae, which stand on its 
surface and about the edge. The spinelets are delicate and very 
numerous and when the crown is expanded it is 2 or even 3 times as 
broad as that of an ordinary paxilla. The papulae are numerous and 
distributed all over the abactinal area. 

The bases of the paxillae are very irregularly lobed and are 
separated one-fourth to one-half their diameter. On the margin 
of the area the plates are sometimes subquadrate in general form, 
but elsewhere the plates are roundish with 5 or 6 short lobes or are 
quite irregular. 

Marginal plates small, paxilliform, both series confined to the 
ambitus; margin of ray thin, formed by the united bases of the 
marginal paxillae. Superomarginal paxillae, 52 or 53, proximally 
with the crown wider than long, distally with the crown cylindrical. 
The spinelets are a little longer than the pedicel. Each superomar- 
ginal stands directly above and close to the corresponding infero- 
marginal which is half again as large, and consecutive pedicels are 
separated by 1 or 2 times their diameter. The inferomarginal 
paxillae are wider than long at the crown and are about as high 
proximally as the distance between the middle of one crown to the 
middle of the next. These paxillae greatly resemble the marginal 
paxillae of Solaster. The inferomarginals define the ambitus while 
the superomarginals are dorsal in position. Terminal plate sub- 
circular, with a shallow notch on the side toward paxillar area. It 
is covered with short spinelets. 

Actinal interradial areas large, but narrower on ray than in &. 
tizardi. A single series of plates reaches the end of ray. The plates 
are arranged in very regular series, corresponding to the adam- 
bulacral plates, and extending to the marginals but not correspond- 
ing to them. The first 10 inferomarginals correspond to about 14 
series of intermediate plates. The intermediate plates also form 
regular longitudinal series or chevrons. The first chevron has paired 
interradial plates behind the mouth plates, but most of the other 
chevrons have an unpaired plate at the apex, interradially, though 
sometimes out of place slightly. There are 10 or 11 of these chevrons, 
the outermost very small. Halfway along the ray in R. tezardi 
there are 8 or 9 plates in a transverse series; in 2. notabilis only 5; 
three-fourths the length of ray, in ¢/zard?, 5 or 6 plates in a trans- 
verse series, and in notabilis, only 2 or 3. Each plate bears on a low 
eminence a cylindrical, paxilliform, penicillate group of 20 to 25 
slender, sharp, closely coordinated spinelets, the peripheral about 
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half as long as the central. The groups are spaced 1 to 2 times 
their diameter. The spines are much longer than the low tabulum. 
The appearance is very similar to that of 2. t2zardi, there being shal- 
low channels between consecutive transverse rows. From the coe- 
lomic side the plates are seen to imbricate strongly in the transverse 
series and slightly in respect to the plates on either side. 

Adambulacral spines 13 or 14, slender and pointed, in an upright 
coordinated group and decreasing very rapidly in length from the 2 or 
3 on the furrow margin (equal to 14 plates in length) to the 3 or 
4 small spinelets on outer edge of the group. In some groups an 
arrangement in 4 longitudinal series is evident. The shape of the 
groups is subcircular or roughly three-sided, and they are spaced from 
one another about half the length of the plate. The tips of the 
marginal spines are slightly compressed. 

Mouth plates narrow, densely covered with slender, tapering, 
bluntly pointed, upright spines, which form a coordinated group for 
each pair of plates. The outer margin of each plate has only a 
slight angle between the furrow margin and that adjacent to the 
first adambulacral. The marginal spines proper are 6 or 7, slender, 
shghtly flattened, bluntly pointed, the innermost the stoutest; 10 to 
12 smaller spinelets continue this series to the outer end of the plate. 
Another series of similar spinelets follows the margin of the suture 
from the outer to inner end of plate, and an intermediate series is 
present on the outer part of the plate. There are, in all, between 50 
and 60 spines to each plate. 

Madreporic body large, with an irregular outline, and entirely 
obscured by relatively very large paxillae. It is situated with the 
inner edge about midway between center and margin. 

Gonads in a single tuft on either side of each membraneous inter- 
brachial septum. Superambulacral ossicles, broadly elliptical in 
form, are present. 

Young.—The young specimen from station 5605 has R 10 mm., 
ro.5 mm. The spinelets are extraordinarily delicate. The chief 
difference between this specimen and the adult lies in the fewer and 
relatively longer spines and the much lower tabulum of the mar- 
ginal plates. The rays are, of course, relatively shorter and broader. 
The paxillae have ordinarily 10 to 25 spinelets longer than the 
tabulum. The spinelets of the marginal plates are very delicate and 
in spaced groups on the middle of the convex plates. The proximal 
inferomarginals have a low tabulum, scarcely half as long as the 
spines, which are as long or longer than their plate. The terminal 
plate is prominent and closely covered with delicate spinelets. Ac- 
tinal intermediate plates in 3 chevrons; the spinelets long, delicate, in 
spaced groups. Adambulacral groups of spinelets relatively a little 
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closer than in the adult. The spinelets are so delicate and relatively 
so much more prominent than in the adult that this small specimen 
might aptly be described as shaggy. 

Type.—Cat. No. 30533, U.S.N.M. 

Type-locality.—Station 5630, vicinity of Batjan Island (south of 
Patiente Strait), Molucca Islands (lat. 0° 56’ 80’’ S.; long. 128° 
05’ E.), 569 fathoms, coral sand, mud; 1 specimen. 

Distribution—Molucea Islands and Gulf of Tomini, Celebes. 

Specimens examined—Two; besides the type an immature speci- 
men from station 5605, Gulf of Tomini, Celebes, 647 fathoms. 

Remarks.—It is somewhat startling to find such a near relative of 
the North Atlantic 2. tizardi in the Moluccas. So far the genus has 
not been found in the North Pacific, although it most likely occurs 
there. 

As noted in the synopsis of the genera of this family, the /imaster 
cognatus of Sladen is not congeneric with tizardi, but is separated 
by important anatomical features which justify the erection of a 
separate genus. 


Family GONIASTERIDAE! Forbes, 1841 (emended). 


Subfamily PSEUDARCHASTERINAE Sladen, 1889, extended. 
Genus PSEUDARCHASTER Sladen. 


Pseudarchaster SLADEN, 1889, p. 109. Type, Ps. discus Sladen. 
PSEUDARCHASTER JORDANI Fisher. 
Pseudarchaster jordani FisHEer, 1906, p. 1038, pl. 10, figs. 7, Ta; pl. 19, 
figs. 2, 2a. 
Astrogonium jordani Korn eR, 1909, p. 49. 


Specimens examined.—F ive, from the following stations: 

Station 5582, vicinity of Darvel Bay, Borneo, 890 fathoms, gray 
mud, fine sand, bottom temperature 38.3° F.; 2 specimens. 

Station 5586, Sibuko Bay, Borneo, 476 fathoms, gray mud, bottom 
temperature 41.1° F. 

Station 5587, Sibuko Bay, Borneo, 415 fathoms, green mud, sand, 
coral, bottom temperature 42.3° F. 

Station 5618, Molucca Passage, 417 fathoms, gray mud. 

Type-locality Station 3474, south coast of Oahu Island, Ha- 
waiian Islands, 375 fathoms, fine white sand. 

Distribution—Hawaii to the Molucca Islands, Borneo, and the 
Indian Ocean, off southern India, 375 to 1,085 fathoms. 

Remarks.—The specimens listed above differ from typical jordani 
in a few minor details. All but the example from station 5618 are 








1Por a discussion of this family and a key to the genera, see Fisher, 1911d, pp. 158—- 
174; Verrill, 1914a, pp. 285-289, gives valuable critical notes. 
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larger than the type, that from station 5586 having h=141 mm., 
r=41 mm. The specimen from station 5587, which is nearest jordani 
in general appearance, has a relatively smaller disk than the large 
specimen, and another, with R=78 mm., from station 5582. 

A comparison of the specimens with Koehler’s description of Ps. 
mozaicus (1909, p. 50, pl. 1, fig. 83) indicates that the principal dif- 
ferences are the presence of superomarginal spines in mozaicus, 
fewer central granules on the abactinal plates, fewer transverse 
series of superomarginal granules, and fewer subambulacral spine- 
lets. However, the large specimen has 4 to 6 short, sharp, lateral 
spines on each of the plates of the interbrachium, these becoming 
reduced to 2 or 3 on the outer part of the ray. None of the others 
show a sign of the spines, yet they appear to belong to the same 
species. 

Koehler writes that all of his 15 specimens of Ps. mozaicus had 
superomarginal spines. Moreover, he states that as the external bor- 
der of the plate is approached, the granules elongate and become 
conical spinelets, among which 1, 2, or even 3 are conspicuous by 
being longer than the others. In the large specimen, above men- 
tioned, the granules do not gradually become longer, but there is an 
abrupt transition at. the angle between the dorsal and very low 
lateral face of the plate. In Koehler’s figure the spines are plainly 
shown as being spaced on the outer third or even half of the plate. 
In his observations on the Indian specimens of jordani Koehler 
states that on the edge of the plates [outer edge, as I understand it] 
the granules are somewhat elongated and occasionally form small 
pointed cones. His largest specimen had R=64 to 70 mm.; perhaps 
there is a tendency in the old specimens of this species to acquire 
lateral spines. 

The following differences seems to separate the Borneo and 
Molucca specimens of jordani from Ps. mozaicus as described and 
figured by Koehler. In mozaicus the larger abactinal plates have 
5, 6, or 7 central well-spaced granules, in addition to 20 to 26 slen- 
derer peripheral ones; in jordani there are 8 to 15 central granules 
on the larger plates, and upward of 20 in the largest specimen. 
Koehler states that the granules of the superomarginals form about 
& transverse series; in jordani I find 7 or 8, and the series are not 
at all regular. In mozaicus the furrow spines are generally 5; 
in jordani 6 or 7. Koehler describes the subambulacral spines as 
forming 2 series close together and a little irregular, with 2 to 4 
spines in each; 1 or 2 in the first series is much longer than the 
others. This would indicate that the total number of spines does 
not exceed 8; 12 to 20 is the usual number in jordani, although in 
small specimens it is less, and they do not form series. Three to 5 
enlarged subambulacral spines stand on the proximal, and 2 or 3 


222 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 


on the distal plates of the large specimen of jordani; the other speci- 
mens have 2 or 8 enlarged spines proximally and 1 to 3 distally. 

All the specimens but those from station 5582 have a variable 
number of post-adambulacral fasciolar pedicellariae or pectinate 
fascioles. These were not well pronounced in the type. 

In conclusion it may be stated that the relationship of Ps. mozaicus 
to Ps. jordani is not at all clear. If the specimens collected by the 
Albatross are really all of one species they indicate that the two 
forms approach much closer than heretofore supposed. 


PSEUDARCHASTER OLIGOPORUS Fisher. 
Plate 59, fig. 1; plate 60, fig. 3; plate 91, figs. 2, 2a. 


Pseudarchaster oligoporus FISHER, 19138a, p. 625. 

Diagnosis —Most nearly resembling Ps. pectinifer Ludwig and 
Ps. dissonus Fisher. R=87 mm., r=21 mm., R=4.1 r; breadth of 
ray at base, 24 mm.; rays slender, long, and very attenuate at the 
extremity; side of ray low, rounded; marginal plates small, espe- 
cially distally, where the superomarginals are confined to side wall 
of ray and are longer than wide, square, or slightly wider than long; 
papular area restricted to center of disk, and petaloid radial areas 
extending about one-fourth the length of ray; abactinal plates tabu- 
late on papular area, the roundish tabula low, spaced, and bearing 
20 to 80 polygonal granules; outside of papular area plates elliptical 
or oblong, arranged in oblique transverse series and with very low 
tabulum, or distally none; superomarginal plates with coarse, spaced, 
covered granules; inferomarginals with pointed, conical, appressed 
spinelets, and proximally 8 to 12 appressed sharp spines in a zigzag 
transverse series, these becoming reduced to 1 or 2 toward the ex- 
tremity of ray; actinal intermediate plates in 5 chevrons, the series 
adjacent to adambulacrals extending to tenth or eleventh infero- 
marginal, each plate armed with 1 to 3 tapering, sharp spines, and 
5 to 20 short, sharp, spaced peripheral spinelets; a variable number 
of plates adjacent to adambulacrals with the transverse sutures armed 
with fasciolate pectinate pedicellariae, the spinelets being short and 
broad tipped; furrow series angular with 8 or 9 short, sometimes 
slightly compressed, blunt, or bluntly pointed spines, and 1 or 2 
tapering, pointed subambulacral spines, surrounded by 5 to 10 
shorter, spaced, pointed spinelets. 

Description —Abactinal plates medium-sized, not at all compactly 
placed, but distinctly spaced. The papular area is relatively small, 
being confined to the center of disk and 5 petaloid radial areas ex- 
tending two-fifths R, or one-fourth the length of ray. Here the 
plates are tabulate, the paxillar crowns being roundish and spaced, 
and arranged in longitudinal and oblique transverse series, the plates 
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decreasing regularly in size from the central area of disk toward the 
margin and toward the end of the ray. Outside the papular areas 
the plates have scarcely any tabulum and the crown of granules is 
elliptical, oblong, or irregular, and arranged in oblique transverse 
series. On the papular area the longitudinal series of plates are 
perfectly distinct, but outside this area can not be easily traced. An 
average large paxilla of the radial series has between 20 and 30 
polygonal granules, some, but not all, on the periphery being in the 
form of short spinelets. 

The shape of the abactinal plates varies. On the papular area 
they are subcircular or broadly elliptical, sometimes with very slight 
peripheral indentations. The low plates of the oblique transverse 
series outside the papular areas are irregularly oblong, with angular 
or rounded extremities. In the midradial region beyond the papular 
areas the plates are oval, elliptical, or various irregular combinations 
of these forms. 

Superomarginals, 56 in number, form a steep, arched bevel inter- 
brachially, and beyond the proximal fourth of ray are confined to 
the lateral wall, very nearly the entire width of the ray being occu- 
pied by the area of abactinal plates. The first 8 or 9 plates are 
wider than long, the width gradually decreasing from the first plate 
to the tip of the ray, so that at the middle of the ray the supero- 
marginals are only one-half as wide as at the interradial line. From 
the tenth to twenty-fifth or twenty-eighth plates the length equals 
or slightly exceeds the width, while on the last fourth the width is 
again slightly greater than the length. The plates are covered with 
shghtly spaced, circular, convex granules, considerably coarser than 
those of the abactinal plates, and a row of much slenderer ones sur- 
rounds the plate. The grooves between the plates are shallow, but 
well marked. Terminal plate granular, longer than wide, slightly 
saddle-shaped, with 3 terminal spines. } 

Inferomarginals small, corresponding to the superomarginals, and 
decreasing in width regularly toward extremity of ray. They are 
a trifle wider than the superomarginals on the middle of the ray, but 
about the same width proximally and distally, and on the outer half 
of ray are very small for this genus, being only a little larger than 
the adambulacrals. The side of the ray is rather thin and rounded, 
and proximally more than half of the height is occupied by the 
superomarginals, but distally each series occupies about half. The 
plates are covered with spaced, pointed, conical, or thickly fusiform 
spinelets, the median area being occupied by a transverse zigzag 
series of tapering, sharp, appressed spinules, 8 to 12, proximally, 
becoming reduced to 1 or 2 on the small distal plates. These spines 
sometimes are most numerous near the outer end of the plate, and 
sometimes form 2 irregular transverse series. 


224 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 


Actinal intermediate plates in 5 chevrons and an odd plate adja- 
cent to margin, the plates nearest the furrow being the largest and 
extending to tenth or eleventh inferomarginal, while the second 
series extends to the seventh or eighth. The plates are armed with 
1 to 8 tapering, sharp spines about as long as the width of the plate, 
the periphery being occupied by short, sharp, spaced spinelets. On 
the transverse margins of the first series of plates the spinelets are 
stouter and round-tipped and form, with their companions of the 
adjacent plate, a pectinate pedicellaria over the suture. These fas- 
ciolate pedicellariae are not constant. In the type they extend 
about half the length of the first series, but in the cotype from the 
same station they are confined to the first few plates. The proximal 
pedicellariae have 6 or 7 spines in each comb, 

Adambulacral plates longer than wide, with a very angular furrow 
margin bearing 8 or 9 subequal, rather short, compressed, blunt 
spines. On the outer part of the ray those on the angle of the 
apophysis separate consecutive pairs of tube feet, while the lateral 
numbers have their broader side to the furrow and act presumably 
as protectors of the underlying feet. There are 1 or 2 tapering, 
pointed, subambulacral spines, proximally about as long as the fur- 
row spines, distally longer, partly surrounded by 5 to 10 shorter, 
bluntly pointed, spaced spinelets, which stand on the margin of the 
plate, with occasionally 1 or 2 between the subambulacral and the 
apex of the furrow angle. 

Mouth plates convex actinally, with a broad median suture. 
Furrow spines, 8 or 9, stout, blunt, very similar to the corresponding 
adambulacral spines, the inner 2 or 3 being compressed and slightly 
longer than the others. The unpaired median mouth spine is com- 
pressed, heavy and blunt, and largest of all. A series of 9 or 10 
stout, rather short, pointed spines follows the median suture margin 
and another series of 4 or 5, close to them, continues the furrow 
series along the lateral suture margin. 

Madreporic body small, convex, with coarse ridges, and situated 
a little nearer center than margin. 

Superambulacral plates present. Gonads ina single tuft on either 
side of the interbrachial septum. 

Type—Cat. No. 30534, U.S.N.M. 

Type-locality— Station 5609, Gulf of Tomini, Celebes (lat. 0° 11’ 
S.; long. 121° 16’ E.), 1,092 fathoms, green mud; bottom tempera- 
ture 36.3° F.; 2 specimens. 

Distribution—Known only from the Gulf of Tomini, Celebes, 
1,089 to 1,092 fathoms; bottom temperature 36.3° F. 

Specimens examined.—Three; besides the types, 1 from station 
5608, Gulf of Tomini, 1,089 fathoms, gray mud, bottom temperature 
36.3° F. 
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Remarks.—This abyssal species has the general form of Ps. pec- 
tinifer Ludwig and Ps. dissonus Fisher, from the east and north 
Pacific. It differs in having longer and slenderer rays, the distal 
portion being especially attenuate; smaller marginal plates; a very 
restricted papular area; smaller and distinctly spaced tabulate plates 
on the paxillar area, the others being low and not tabulate, and 
shorter furrow spines. In Ps. dissonus the abactinal plates are very 
compact and the marginal plates are covered with thickened papilli- 
form spinelets so closely placed that the outlines of the plates 
are difficult to discern. The postadambulacral fasciolar pedicellariae 
are valvate or valvate-pectinate, some of them resembling the bi- 
valved pedicellariae of the Goniasterinae and Hippasterinae. They 
are of a very peculiar form, not to be confused with the regular 
spiniform pectinate pedicellariae of oligoporus. In dissonus the 
proximal adambulacral plates are widely spaced so that the inter- 
mediate plates sometimes come to lie near or on the furrow; and in 
dissonus the furrow spines are considerably longer than in oligo- 
porus. Over a considerable portion of the ray of oligoporus the 
abactinal plates are low and without distinct tabulum. The small 
papular area is a very characteristic feature of this species. 

The attenuate, long rays and small marginals will readily separate 
oligoporus from tessellatus, mozaicus, jordani, and myobrachius. 
Pseudarchaster roseus (Alcock) from the Laccadive Sea, 740 fath- 
oms, is a long-rayed form, R equaling 4 r. Koehler (1909, p. 50) 
writes that in the type there are no inferomarginal spines—merely 
granules—and Alcock describes the adambulacral plates as having 
actinally 3 unequal longitudinal series of close prismatic granules. 
Presumably there are no enlarged subambulacral spines. This species 
was described as a Mediaster. Koehler states that it is a Pseudarch- 
aster. From the description it would appear to bear considerable 
resemblance to the new Aphroditaster herein described. It is cer- 
tainly very different from Ps. oligoporus, which has armed infero- 
marginals and prominent subambulacral spines. 


Genus APHRODITASTER Sladen. 
Aphroditaster SLADEN, 1889, p. 116. Type, A. gracilis Sladen. 
APHRODITASTER MICROCERAMUS Fisher. 
Plate 59, fig. 2; plate 60, fig. 1; plate 70, fig. 5; plate 91, fig. 1. 
Aphroditaster microceramus FISHER, 1913a, p. 626. 


Diagnosis —R=46 mm., r=138.5 mm., R=3.4 r; breadth of ray at 
midinterbrachium, 15 mm. Disk fairly large, with open, rounded 
interbrachia; rays slender and pointed; all plates covered with a 
close tessellation of flat-topped or slightly convex polygonal gran- 
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ules; no spines except on adambulacral and mouth plates; abactinal 
area narrower on rays than width of broad, arched superomarginals; 
abactinal plates compactly placed with usually 6 to 8, but sometimes 
as many as 12, polygonal crowded granules, or on outer part of ray 
3 or 4; marginals much broader than long, forming a smooth, evenly 
rounded margin to ray; actinal intermediate plates restricted to 
disk and evenly granular; furrow margin slightly convex proxi- 
mally, decidedly convex distally with 7 to 9 short, stubby spinelets 
and 12 to 14 compact, polygonal subambulacral granules in 3 or 4 
longitudinal series; no specialized subambulacral spines; no pedicel- 
lariae; adambulacral armature resembling that of Ceramaster. 

Description.—Avrea of abactinal plates narrower on ray than width 
of superomarginal plates as seen from above; this narrow band di- 
minishes in width toward the end of ray very gradually, the abactinal 
plates reaching the terminal plate. Opposite the fourth superomar- 
ginal there are 7 longitudinal series of abactinal plates, counting 
across the ray; opposite the eighth, 5, and opposite the twelfth, 3. 
This point is about the middle of the ray; the 3 longitudinal series 
continue to the end, the plates becoming smaller and more closely 
fitted together. Abactinal plates low tabulate, the tabula being ellip- 
tical in cross-section and very much narrower than the crown of the 
few relatively large polygonal, compactly placed granules. These 
granules are about as high as broad and wider at the top than base. 
A large radial paxilla has upward of 12, but usually there are only 
6 to 8, with 1 or none occupying the center; on the outer part of 
ray there are generally 3 or 4, occasionally only 1 or 2. The usual 
form for the paxilla crown is hexagonal, but they are not always 
symmetrical; the largest are on the radial areas. The papulae ex- 
tend only to the fourth superomarginal, and are distributed all over 
the disk. 

The plates of the papular areas are nearly circular in general out- 
line, with 6 short blunt lobes by which they are in contact, or shghtly 
overlap. Outside the papular areas the carinal plates are circular 
or hexagonal, while the laterals are longer than broad, elliptical in 
shape, somewhat like half a hexagon. 

Superomarginals, 37 in number, are wide and short, encroach con- 
spicuously upon abactinal area, and form an arched border thereto; 
the lateral face is lower than the width of the dorsal, and passes 
very gradually into it. Plates covered with a close mail of mostly 
hexagonal granules, about the size of those of abactinal plates, in 
5 or 6 not clearly defined transverse series, proximally, becoming 
reduced distally to 4, 3, and 2. The surface of the plates is smooth 
and the granules of neighboring plates are fitted so tightly together 
that no channel is perceptible. Terminal plate, elongate, elliptical, 
covered with closely placed granules. 
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Inferomarginals much wider than long, and corresponding to the 
superomarginals, covered with similar granules, a little smaller and 
more numerous actinally. No specialized spines. 

Actinal intermediate areas small, the plates in series extending 
from adambulacrals to the inferomarginals, and less regularly in 
series parallel to the furrow; that adjacent to the adambulacrals end- 
ing opposite the suture between the third and fourth inferomarginal]; 
the next series ending between the second and third. There are 5 
chevrons altogether, with the beginning of a sixth, but no odd inter- 
radial plates in any of the chevrons. Plates with a uniform covering 
of granules similar to those of the inferomarginals, but not quite so 
close together. 

Adambulacral plates about as wide as long, except the first 2 or 3, 
which are wider than long. Furrow margin only slightly convex 
proximally, gradually becoming decidedly convex on the outer half 
of the ray. Furrow spines, 7 to 9, usually 8, about half as long as 
width of plate, subequal, compressed, blunt, the laterals the heavier, 
and with the side to furrow; the central spines are 4-sided in section, 
the narrow sides exposed. Subambulacral granules polygonal, in 
3 or 4 longitudinal series, the granules increasing in length slightly 
toward the furrow, and with flat or convex tips. There are 12 to 
14 subambulacral granules and they are very similar in form to the 
adjacent actinal intermediate or inferomarginal granules. No en- 
larged or specialized subambulacral spines are present, but the last 
dozen plates have the last or next to the last of the 5 or 6 furrow 
spinelets enlarged into a short clavate spinule, following a tendency 
which is usually exhibited by the subambulacral spines or granules of 
the Goniasteridae—namely, of having an enlarged subambulacra] 
spine on the outer part of the ray even if none are present proximally. 

Mouth plates narrow, with a pointed, clavate, robust, median, un- 
paired tooth, and on either side 2 successively shorter spines. Fol- 
lowing these, facing the furrow rather than the actinostome, is an 
independent series of 5 slender, slightly flattened, subtruncate spines, 
increasing in length and appressed against the suboral spines. A 
series of 8 or 9 of the latter follow the median suture margin, the 
outer 4 or 5 granuliform, while the furrow series is continued along 
the lateral suture by 4 or 5 granules, 2 or 3 slender spinules forming 
un intermediate series at the middle of the plate. 

Type.—Cat. No. 30535, U.S.N.M. 

Type-locality —Station 5648, Buton Strait, Celebes (lat. 5° 35’ S.; 
long. 122° 20’ E.), 559 fathoms, green mud, bottom temperature 
39.2°; 1 specimen. 

Remarks.—This species differs from A phroditaster gracilis Sladen 
(Azores, 1,000 fathoms), in having larger, fewer, and more compact 
abactinal granules, polygonal in form; shorter marginal plates armed 
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with flattish, polygonal, compact granules (spinelets on inferomar- 
ginals of gracilis); compact, polygonal, actinal intermediate, and 
subambulacral granules, rather than spinelets; and in lacking the 
postadambulacral fascioles. 

The “postadambulacral fascioles” are identical with those of 
Pseudarchaster and are now known to be incipient pedicellariae. 
In Pseudarchaster they are in some species constantly present, while 
in others they are not; not all species have them. In Aphroditaster 
the fasciolar pedicellariae are not of generic importance, as shown 
by their presence in A. gracilis and their absence in the present 
species. 

Aphroditaster agrees with Pseudarchaster in general appearance 
and in having an odd tooth at the inner end of the combined mouth 
plates. It differs in having a straight or only slightly curved furrow 
margin to the adambulacral plates, an even comb of furrow spines, 
and no specialized or enlarged subambulacral spine or spines. The 
two genera are very close, and J doubt if the young of some species 
of Pseudarchaster could be distinguished generically from young 


Aphroditaster. 
Genus PARAGONASTER Sladen. 


Paragonaster SLADEN, 1889, p. 310. Type, P. ctenipes Sladen. 
KEY TO THD SPECIES AND SUBSPECIES OF PARAGONASTER HEREIN DESCRIBED. 


a*, Proximal plates of the single series which separates the superomarginals 
wider than long, and conspicuously wider than the adjacent radial plates 
of disk; peripheral granules of the plates of papular area smaller than 
the central granules; the two sorts subequal elsewhere; central granules 
slightly spaced, not compact; numerous inferomarginal and actinal inter- 
mediate spines; fasciolate pedicellariae between nearly all the adambu- 
PA CRAL Pla GS SAEs ess ee a et ee ef hypacanthus, p. 228. 

a, Proximal plates of the radial series of ray narrower than long and narrower 
than the adjacent radial plates of disk; peripheral granules of all the 
abactinal plates smaller than the central, which are very compactly 
placed; very few inferomarginal and no actinal intermediate spines; 
incipient fasciolate pedicellariae between the first few adambulacral 
plates only, rudimentary distally_-_.____-_____--__--_ stenostichus, p. 282. 


PARAGONASTER CTENIPES HYPACANTHUS, Fisher. 
Plate 70, fig. 3; plate 71, fig. 2; plate 72, fig. 1; plate 91, figs. 9, 9a. 
Paragonaster ctenipes hypacanthus FisuEr, 1913a, p. 627. 


Diagnosis—Closely resembling P. ctenipes Sladen, but differing 
in having more numerous granules on the abactinal plates, more 
numerous and conspicuous inferomarginal spinules and smaller and 
more distantly spaced inferomarginal granules, a prominent central 
spine on many of the actinal intermediate plates, and proximally 2 
enlarged subambulacral spines. R=88 mm., r=19 mm., R=4.6 r; 
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breadth of ray at midinterbrachium, 22 mm.; at inner limit of the 
single row of abactinal plates (distal margin of fourth superomar- 
ginal plate) 12.5 mm., or length of first 6.3 superomarginals meas- 
ured on ambitus (varies to 5); general form as in ctenipes, but rays 
a little slenderer; abactinal plates with 15 to 25 central and 25 to 30 
peripheral granules, which are slenderer on the papular areas; distal 
carinal plates of disk with upward of 40 central and 35 to 45 pe- 
ripheral granules; inferomarginal plates with proximally 6 to 10 
appressed sharp spinules, reduced to 3 or 4 at middle of ray, then 2, 
a single spinule persisting to near end of ray; furrow spines 7 or 8, 
continued along the transverse margins as smaller interlocking 
spinelets; subambulacral spines prominent, slender, tapering, sharp, 
proximally 2, distally 1; in small specimens 1 throughout. 

Description—P. ctenipes was described from a comparatively 
small specimen (R 48 mm.). A comparison of an equal-sized ex- 
ample of hypacanthus with Sladen’s figure of P. ctenipes (1889, pl. 
51, figs. 5 and 6) shows that the latter is of stouter build with slightly 
broader superomarginal plates, especially interbrachially. The 
abactinal area circumscribed by the marginal plates is arcuate pen- 
tagonal, the amount of indentation being variable, but slight. 
Abactinal plates with more numerous granules than in ctenipes. A 
median radial plate about halfway from the primary radial to base 
of ray has about 25 to 30 peripheral and 15 to 25 central granules, 
much the same shape as in ctenipes, but on the radial papular area 
the marginal granules are much slenderer than the central. On the 
center of disk and a narrow interradial area the marginal granules 
are as in Sladen’s figure (pl. 58, fig. 1). The number of granules 
increases from the primary radial to the rectangular plates separat- 
ing the superomarginals and then gradually decreases along the ray. 
The 2 or 3 plates preceding the rectangular carinals have 35 to 45 
rather slender peripheral granules and upward of 40 larger round, 
truncate, spaced ones. In medium-sized and relatively small speci- 
mens the number is not greatly reduced. A specimen from station 
5420, about the size of Sladen’s type of ctenipes, has 23 central and 
28 peripheral granules on a primary radial plate. The lateral plates 
decrease gradually in size toward the margin, and those of the cen- 
ter of disk are a trifle smaller than the radial plates. All the 
abactinal plates are distinctly tabulate, although the tabulum is low. 

Papulae absent from the ray, center of disk, and a narrow inter- 
radial band; present, in sixes about each plate, forming a broadly 
oval radial area, reaching nearly to interbrachial septum. Plates of 
papular areas with 6 short lobes by which they touch, the lobes 
decreasing in size as the distal carinal plates of the disk broaden. 
The other plates of disk are roundish or slightly hexagonal and 
closely fitted together; those of the ray are rectangular. 

13434—Bull. 100—19——16 
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The superomarginals, 44 to the ray in the type, are all broader 
than long, as in ctenipes, the fourth or fifth being the widest, beyond 
which they very gradually decrease in breadth, being separated by 
but a single series of flat granulose plates, wider than long for about 
half the ray, and square or slightly longer than wide on the outer 
half. There are 56 to 63 of these plates in the 2 largest specimens, 
and they vary from a trifle less to a shade more than half as wide 
as the adjacent superomarginal. The granules are spaced more than 
their width and are similar to those of the superomarginals. The 
superomarginal granules are rather deciduous, truncate, roundish, 
and spaced one-half to decidedly more than their own diameter, 
especially distally. One can count 8 to 10 granules in the length of 
a plate, not including the very regular peripheral series bounding 
the narrow well-marked groove between the plates. Terminal plate 
obovate, granular. 

The inferomarginals correspond to the superomarginals and on 
the rays are narrower. Beyond the third or fourth plates they are 
in contact with the adambulacrals, and 13 of the latter correspond 
to 10 inferomarginals at the middle of the ray. The plates are coy- 
ered with small granules, rather widely spaced on the inner third of 
the plate; and judging by Sladen’s figure (pl. 58, fig. 2), much 
smaller, more spaced, and less squamiform than in cfenipes. The 
granules are shorter in proportion to the width and in form are 
somewhat thimble shaped, the ends being sometimes swollen. The 
plates have 6 to 10 slender, sharp spinules arvanged in a zigzag series 
or 2 irregular series the whole width of the plate and decreasing 
slightly in length from the inner to outer sides of the plate. They 
are two-thirds to about the length of the outer end of the first plates 
and decrease in number distad, there being 3 or 4 at the middle 
of ray, then 2, a single spinule persisting to near the end of the 
ray. As they are very deciduous, their presence on the outer part 
of the ray can be detected usually only by the scar. These spinules 
are more numerous and conspicuous and are distributed much farther 
along the ray than in ctenipes. 

Actinal interradial areas increasing in size with age; in the largest 
specimens the plates extend aborally 3.5 to 4.5 inferomarginals, and 
there are 5 chevrons, without an odd interradial plate at the apex. 
Plates covered with uniform spaced, small, clavate, papilliform 
spinelets bent toward the margin. Nearly all the plates of the 2 
chevrons nearest the furrow, and a variable number in the other 3 
also (sometimes nearly all, sometimes 2 or 3 only) bear a slender, 
sharp, appressed spinule directed toward the margin. These are 
usually absent in specimens in which R is less than 50 mm. The 
spinules are absent in P. cfenipes, but the type is smaller than any 
specimen of hypacanthus, which has them well developed. 


— 
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Adambuiacral plates similar to those of ctenipes, but narrower, 
those of the disk being about as wide as long, except the first 3 or 4, 
which are increasingly wider than long as the mouth is approached. 
On the outer part of ray the plates are longer than broad. Furrow 
spines 7 or 8, the laterals round tipped with flat side to furrow, the 
1 or 2 mesial spines with the edge thereto, as in ctenipes. The trans- 
verse margins of the plate are armed with 5 to 8 subterete spinelets, 
sometimes slightly compressed near the furrow, interlocking with 
those of the next plate over the suture. On the ray this number is 
reduced to 2 or 8 (occasionally upward of 5), and they do not inter- 
lock. The large specimens have proximally 2, rarely 3, prominent, 
tapering, sharp spines, about as long or a little longer than the plate, 
arranged in a transverse series. On the distal half of ray there is 
but 1 to a plate. Five to 8 or 9 small spinelets, like those of the 
actinal intermediate plates, are scattered on the surface. Specimens 
having R less than 60 mm. usually have but 1 subambulacral spine, 
though occasionally 2 proximally. 

The mouth plates are substantially as described by Sladen for 
P. ctenipes, but there is an odd tooth at the inner end of the com- 
bined mouth plates, which he probably overlooked, as it is not so 
prominent as in Pseudarchaster. 

Madreporic body surrounded by 7 or 8 plates, larger than the adja- 
cent basal plate, and situated halfway between center of disk and 
inner edge of superomarginals; ridges relatively few, irregular, 
slightly branched, and radiating from center. 

Anatomical notes Hepatic coeca short, confined to disk; stomach 
with one chamber; intestinal coeca 8 or 9 parted, the lobes short, 
irregular, sublanceolate in form, with slight marginal lobules. 
Gonads in a single tuft, on either side of the membranous inter- 
brachial septa near the margin. Superambulacral plates elliptical, 
closely superimposed on the actinal intermediate plates and only 
touching the ambulacral ossicles. They are about half as long as the 
lower end of the ambulacral plates, are covered with tissue, are 
invisible unless treated with caustic potash, and do not extend beyond 
the fourth inferomarginal. 

Type.—Cat. No. 30536, U.S.N.M. 

Ty pe-locality—Station 5278, off western Luzon, 27 miles south- 
west Corregidor Light, 114 fathoms, mud, shells, and coral sand; 
1 specimen. 

Distribution.—From Lingayen Gulf, west coast Luzon, to Cebu 
and Bohol, Philippine Islands, 114 to 172 fathoms, on green mud, 
gray mud, sand and mud, and globigerina. Temperature range, 52.3° 
to 59°. 

Specimens examined.—Thirty-three, in addition to the type. 
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5117 | Balayan Bay, southern coast Luzon.............-.--- DS iy | aorecatetelaererete alo eree iM estes areas 
5197 | Off western Bohol, 22 miles north Baliscasag Island..; 174 | Green mud....| 3 54.3 
5265) Batangas Baye el uzOnee een een een ie ome aera | 185 pSfeualo lim och biel A fy Goat en 
5411) | Between /CeburandiBoholy ces Sh) ace ed eee 145 Green mud....| 4 5d. 2 
Sa Qn Mee ORs Seeger dat a tet Soda See nee ae ACRE Lae cman ers 162meseee GOs. su sce 2 54.8 
5416 |....- Dee eS ae Rte a i eens Mea coe 1.50 05 al eee Gon tauceee 1 54.4 
Oath ae! Ota eed ENaL AS Soe oe Pe ee eee Cee 165 Gray mud, 4 54.4 
sand 
Oa aes OMS Ferree mie once cnlns dna aue sha enaceemcomenee 75 Green mud....| 6 54.5 
5420) Sotees GO Pee Soe SERRE Be BRS BE ee eaten Bra Renee Libel Seon eee 6 59 
5440 | Mouth of Lingayen Gulf, west coast Luzon........-.-- 172 Fine gray 1 52.3 
sand, globi- 
gerina. 
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Remarks.—Paragonaster ctenipes was dredged by the Challenger 
in the Arafura Sea between the Ki Islands and Banda Islands, in 
140 fathoms, blue mud. Although no intergrading forms between 
it and Aypacanthus have been found, the very close similarity be- 
tween the two seems to indicate a conspecific relationship. At the 
same time, in spite of minor variations, the special characters of 
hypacanthus are constant in mature examples, over a considerable 
geographical area. 

PARAGONASTER STENOSTICHUS Fisher. 
Plate 60, fig. 2; plate 70, fig. 2; plate 71, fig. 1; plate 91, figs. 10, 10a. 
Paragonaster stenostichus FISHER, 1918a, p. 627. 

Diagnosis —Differing from FP. ctenipes in having the abactinal 
plates of slender portion of ray, narrower than long, and proxi- 
mally narrower than the adjacent radial platés of disk, instead 
of broader; in having more numerous, crowded, and coarser central 
granules, and slenderer peripheral granules; and in having nar- 
rower adambulacral plates, lacking the characteristic fasciolate pedi- 
cellaria of ctenipes, except in a less specialized form on the first 
few plates. R=45 mm., r=12.5 mm., R=3.6 r; breadth of ray at 
midinterbrachium, 14 mm.; at distal margin of fourth superomar- 
ginal (the proximal end of the slender portion of ray), 8 mm., or 
length of first 5.5 superomarginals measured on ambitus. 

Description—Abactinal area pentagonal or arcuate pentagonal; 
abactinal plates comparatively large, all strongly tabulate and pax- 
illiform, arranged very regularly in close-set rows parallel to the 
radial series, and also in series proceeding obliquely from the radial 
series to margin. Radial plates the largest, increasing slightly in 
size distad up to the point where the adradial series end, and only 
the radials separate the superomarginals. Here they become nar- 
rower, longer than wide and continue to decrease very gradually 
in size to the end of ray. Moreover, these plates are slightly tabu- 
late, proximally, with a well-defined groove separating them from 
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the marginals, and the granules of the slightly convex crown are 
similar to those of the radial plates of the disk, although the crown 
itself is of different form, being oblong or elliptical. In P. ctenipes 
and P. ctentpes hypacanthus the radial plates of the ray are abruptly 
wider than those of adjacent portion of disk, always conspicuously 
wider than long proximally, flat, not at all tabulate, and are covered 
with spaced, small granules, precisely like those of the abactinal 
plates. The paxillar crowns on disk are subhexagonal to roundish, 
slightly convex, and in the radial series have 18 to 25 close-set, 
coarse, irregularly polygonal central granules and 20 or 25 much 
smaller, slenderer, unequal peripheral ones, usually in the form of 
tiny spinelets. Near the margin the central granules are reduced 
to 5, 6, 7, or even to 2 or 3 on plates adjacent to the marginals. 
The primary basal plate adjacent to the madreporic body is the 
largest on disk and has 35 or 40 central granules. 

Papulae restricted to oval or subcircular radial areas, not reach- 
ing the beginning of narrow part of ray. The plates of the radial 
areas are strongly stellate with 6 pointed lobes which touch those 
of the neighboring plates. The other abactinal plates are roundish 
to subhexagonal and rather tightly fitted together. 

Superomarginals 28, massive, well-arched, and tumid on disk, 
slightly tumid on ray, all wider than long, increasing in width as 
well as in length up to the fourth and fifth, thence decreasing very 
gradually in width, and even less rapidly in length up to end of ray. 
In the type the superomarginals from the fifth plate on are separated 
only by the radial series of abactinals; in small specimens from the 
third on. Width of first plate equal to length of first 3 measured on 
ambitus. The lateral face of plates is low, half or less than half the 
width of dorsal facet, the margin of the ray and disk being evenly 
rounded, and owing to the slight tumidity of the plate, each is very 
distinct, the ray appearing constricted at the transverse sutures, or 
‘cingulate,” as if the ray were jointed. This is especially marked 
in small specimens. Plates covered with closely placed, polygonal. 
rather coarse granules, about the size of those on center of abactinal 
plates, the peripheral series being considerably smaller, quite regular, 
and truncate. On the first plate 7 granules can be counted from 
one transverse margin to the other, including the peripheral series; 
these increase to 10, 11, or 12 on the fifth and a few succeeding plates. 
Terminal plate rather small, obovate, or chordate, granulate. 

Inferomarginals corresponding to superomarginals, the first 2 very 
wide, equaling the length of first 3.5 plates measured on ambitus; 
beginning with the third they decrease very rapidly in width until 
at the seventh or eighth they areonly as wide as long, retaining ap- 
proximately these proportions to the end of the ray. Sometimes the 
distal plates are slightly longer than wide, especially in small ex- 
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amples. The plates are shghtly tumid, arched, and form an evenly 
rounded margin to the actinal area, as much, or more, of the plate 
facing laterally as ventrally on the ray. Plates covered with com- 
pact granules, subquamiform ventrally. In addition to these the 
plates of first third or half of ray bear on their inner or lower half 
or third 2 or 8 short appressed lanceolate spinules, 2 or 3 times as 
long as the granules, and arranged in a transverse series or in a 
group, these becoming reduced soon to but a single spinule. Ten 
inferomarginals at middle of ray correspond to 14 adambulacrals. 

Actinal interradial areas rather small, the plates adjacent to adam- 
bulacrals much the largest and extending to middle of third infero- 
marginal. The first plate extends nearly halfway from outer end of 
mouth plate to inner edge of marginals, about 3 irregular chey- 
rons filling in this remaining space; no sign of an odd interradial 
series. Plates covered with papilliform, spaced spinelets, about the 
length of the inferomarginal granules but less flattened and quami- 
form. On the interradial suture, between the 2 plates adjacent to 
outer end of mouth plates, is a fasciolate pedicellaria with 8 to 10 
shorter, tapering, blunt spinelets in each of the closely juxtaposed 
combs. 

Adambulacral plates as wide, or only a trifle wider, than long, 
with an angular furrow margin, but up to about the fifth the aboral 
facet of the angle is so much longer than the adoral that the apex 
is close to the proximal edge of the plate, and the comb of 7 or 8 
slightly flattened round-tipped furrow spines is largely oblique. 
Beyond the fifth plate the apex is near but not quite at the middle, 
and the furrow comb is palmate, the median spines being slightly 
compressed, while the others are nearly terete or slightly flattened 
with side to furrow, and decrease in length regularly to the lateral 
spines, which are only one-third to one-half the length of the mesial. 
Subambulacral spinelets terete or swollen, blunt, 12 to 15, and in- 
creasing in length from the outer edge, where they are subequal to 
the actinal intermediate spinelets, to a row or group of 3 to 5 spaced 
from the furrow spines and one-half to two-thirds the length of the 
mesial. Near the outer side of the plate is a stout, sharp, tapering 
subambulacral spine a little longer than the mesial furrow spine 
and directed toward the margin. 

Mouth plates narrow, with a prominent angle at mouth of furrow, 
the margin toward the furrow being concave and having 5 or 6 
spines decreasing slightly in length toward the angle above men- 
tioned. The other facet, facing the actinostome, bears 2 or 3 addi- 
tional spines which continue the series and increase in size to the 
median, odd, stout, terete, bluntly pointed tooth. About 10 slender 
terete, blunt spines follow the median suture margin and decrease 
in length as they proceed outward, the outer 3 or 4 spines sometimes 
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meeting those opposite, and forming an incipient fasciolate pedicel- 
laria. Two or three additional spines form an intermediate series 
near the middle of plate. About 6 small spines stand on the margin 
adjacent to first adambulacral, and form an incipient fasciolate pedi- 
cellaria with the adjacent adambulacral spines. 

Madreporic body small, with coarse ridges and overhung by 3 to 
5 paxillae. It is situated about halfway between center and inner 
margin of superomarginal plates. 

Gonads well developed, in a single tuft, on either side of inter- 
brachial septum near margin. 

Type.—Cat. No. 30537, U.S.N.M. 

Type-locality —Station 5289, Verde Island Passage, north coast of 
Mindoro, 172 fathoms, broken shells, sand; 7 specimens. 

Distribution—Known only from Verde Island Passage, between 
Luzon and Mindoro, 172 to 198 fathoms. 

Specimens examined—Hight; 7 from type-locality and 1 from 
station 5297, Verde Island Passage, off Batangas Bay, Luzon, 198 
fathoms, mud, sand. 

Remarks.—This species is readily distinguished from P. ctenipes 
hypacanthus by the shorter, stouter rays; narrower radial plates of 
the ray; by the higher plates of the extra-papular areas, and by the 
peripheral granules of the same being uniform with those of the 
papular areas; by the slightly tumid marginals with their compactly 
placed granules; by the fewer and more restricted inferomarginal 
spinules, absence of actinal intermediate spines, and interadambulac- 
ral fasciolar pedicellariae (except on a few proximal plates). The 
superomarginals and interbrachial inferomarginals are broader in 
P. stenostichus, and the granulation throughout much more compact. 

The very narrow radial series of plates on the ray is one of the 
most striking features of this species. P. formosus Verrill has lower 
and smaller abactinal plates with much fewer and coarser granules, 
especially in the peripheral series, and the marginal granules are 
fewer, coarser, and less compact. The same differences will separate 
P. subtilis Perrier. P. strictus and P. elongatus Perrier are closely 
related to P. subtilus. P. cylindratus Sladen has narrow radial 
plates on the ray, but in proportion to the breadth of the superomar- 
ginals they are wider than in stenostichus. In cylindratus the 
adambulacral furrow margin is less strongly angular, the special 
subambulacral spine or spines much smaller and nearer the furrow, 
and the inferomarginal spines more numerous. 


Genus PERISSOGONASTER Fisher. 
Perissogonaster WisueEr, 1918a, p. 628. Type, P. insignis Fisher. 


Diagnosis.—Differing from Paragonaster in having an odd inter- 
radial marginal in both series, and an incomplete odd interradial 
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series of actinal intermediate plates; papulae distributed all over disk 
and as far along radii as the adradial plates extend. 

This curious genus bears about the same relation to Paragonaster 
that Prionaster bears to Goniopecten, or Pectinidiscus to Ctenodiscus. 


In all the characters except those mentioned in the diagnosis it is — 


essentially similar to Paragonaster. 
PERISSOGONASTER INSIGNIS Fisher. 
Plate 73, fig. 1; plate 74, fig. 2; plate 91, figs. 8, 8a. 
Perissogonaster insignis PisHER, 1913a, p. 628. 


/Nagnosis—Similar in general appearance to a Paragonaster, 
with unusually large disk, stout rays, and the adradial plates ex- 
tending in large specimens a third to two-fifths length of ray. 
R=113 mm., r=35 mm., R=3.2 r; breadth of ray at midinter- 
brachium, 40 mm., thence tapering gradually to the bluntly pointed 
extremity; interbrachia wide and arcuate; superomarginals 37 to 42, 
broader than long, and increasing slightly in width up to the tenth 
or twelfth, and beyond the eighth to seventeenth separated only by 
the rectangular carinal plates; odd interradial plate similar to the 
rest; plates covered with depressed, roundish, convex, slightly spaced 
granules, the outer end being armed with an inconspicuous, short, ap- 
pressed, slender, sharp spine extending nearly to end of ray; infero- 
marginals narrower on outer two-thirds of ray than superomargin- 
als and covered with conical granules; in addition to these, proxi- 
mally 6 to 10 and distally 2 to 4 slender, sharp, appressed spines, 
either scattered or in 1 or 2 transverse series; abactinal plates pax- 
iliform, with compact subhexagonal crowns, very regularly ar- 
ranged in series parallel to the radial; an average radial plate with 
9 to 12 roundish or slightly polygonal, spaced, central granules and 
20 to 25 flattened, truncate, oblong, or slightly tapered, smaller 
peripheral ones, these numbers increasing on the distal carinal plates 
and decreasing on the dorsolaterals; papulae distributed all over 
dorsal surface as far distad as there are more than 1 series of 
abactinal plates; actinal intermediate plates, each with an appressed, 
sharp spine; adambulacral plates with an angular but not very 
salient furrow margin bearing 6 or 7 short, blunt spines; subambu- 
lacral spines 1 or 2, sharp, appressed, surrounded by 5 to 8 elongate, 
subconical granules, in addition to 3 or 4 on outer margin, and 3 to 6 
on each transverse margin, the latter often forming a fasciolate 
pedicellaria over the suture. 

Description.—The rays taper somewhat arcuately from the mid- 
interbrachium and in form are more like those of Pseudarchaster 
than the usual very attenuate condition of Paragonaster. Area of 


a 
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abactinal plates broadly stellate, or in small specimens stellato- 
pentagonal. All abactinal plates tabulate and paxilliform, with 
compact subhexagonal crowns arranged in regular series parallel 
to the median radial, and decreasing gradually in size along oblique 
series extending from the radii to the margin. Distally the radial 
plates become conspicuously broader, rectangular, the width de- 
creasing much more rapidly than the length, so that the plates, 
which are broader than long, or square, at the beginning of the 
attenuate portion of ray, become distally ordinarily considerably 
longer than wide. The series of plates parallel to the median radial 
are successively shorter, proceeding from the carinal series outward, 
so that beyond the eighth to eighteenth superomarginal plates (not 
counting the odd one) the latter are separated only by the single 
series of rectangular plates covered with low convex, roundish, 
slightly spaced granules, uniform with those of the superomarginals. 
A carinal plate from near the primary radial has 9 to 12 roundish 
or slightly polygonal spaced central granules and 20 to 25 flattened, 
truncate, oblong, or slightly tapered smaller peripheral ones ar- 
ranged with considerable regularity and ordinarily longer than 
broad. On the outer end of the series, just before the adradial 
plates end, the central granules are 25 to 380 and the peripheral about 
385 and similar to the central. On the lateral plates the number of 
central granules decreases from about 8 or 9 on the proximal adra- 
dial plates to 3 to 6 near the margin, the smaller number being on 
plates near the interradius. 

Papulae distributed all over the abactinal surface and as far 
along ray as there are more than 1 series of abactinal plates. The 
abactinal plates are circular, with 6 regular shallow indentations, 
and touch by the very short, broad truncate lobes. Near the margin 
the lobes are a little more pronounced. 

Marginal plates with an odd interradial in both series, similar in 
form and size to the others, though occasionally a trifle longer than 
the 2 immediately adjacent. The superomarginals form a bevel and 
have a very low lateral face. The width increases, or has the appear- 
ance of increasing slightly up to about the eighth or tenth plates 
(according to size) and from that point very gradually decreases, 
all the plates being wider than long. The length of the plates very 
gradually increases up to the tenth or twelfth, and then as gradu- 
ally decreases. The width of the odd plate equals its own length plus 
that of the first 3 superomarginals, measured on ambitus. Supero- 
marginals 37 to 42 to the ray in large specimens. The plates are 
covered with roundish, depressed, convex, slightly spaced granules 
about the size of the central paxillar granules, and uniform on the 
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abactinal surface, but becoming a trifle longer on the lateral. Prox- 
imally 5 or 6 granules can be counted in the length of the plate, this 
increasing to 9 or 10. In addition, the plate is surrounded by a regu- 
lar series of considerably smaller granules, and on the outer end of 
the plate is a slender, sharp, appressed, inconspicuous spine, one- 
third to one-half as long as the plate, and persisting for two-thirds 
to three-fourths the length of ray. The base is swollen, and the 
distal portion abruptly slenderer. Two smaller specimens from sta- 
tions 5118 and 5363, having R 66 mm., lack this spine, which is also 
usually absent from the odd plate and the first 2 or 3 plates of each 
ray. Terminal plate obovate, granulate. 

Inferomarginals, corresponding to superomarginals, of about the 
same width in interbrachium, but much narrower on the ray, those 
of the distal half or third of ray being either slightly wider than 
long or, in a specimen from station 5537, slightly longer than wide. 
They are rather evenly arched from the inner to outer margin and are 
covered with slightly spaced, conical or acorn-shaped granules, a 
trifle larger than those of the superomarginals, the marginal series 
being a little smaller and the fasciolar channels very narrow and 
shallow. The proximal plates have 6 to 10 slender, appressed spines, 
similar to the superomarginal spines, and scattered from the inner 
margin to the lateral face of the ray or in 1 or 2 fairly definite series, 
the number decreasing gradually to 2 to 4 on the outer part of the 
ray, or 1 in smaller specimens, the last half dozen plates usually 
lacking the spinule. The marginal spines are always appressed flush 
with the surface of the plate, often lying between the granules. In 
many cases they taper evenly to a sharp point without being con- 
stricted about the base. 

Actinal intermediate areas large, the plates elongate, in irregu- 
lar series extending from adambulacral to marginal plates, and reach- 
ing distad as far as the ninth inferomarginal of type. Corresponding 
to the unpaired inferomarginal there are 2 series, the inner end of 
each abutting against the third adambulacral. Inclosed between 
the two are a couple of incomplete (short) series opposite the second 
adambulacrals, these in turn inclosing a longer and incomplete un- 
paired series. The latter is irregular, and proceeds from the meet- 
ing point of 2 plates, one back of each first adambulacral plate. In 
the type this unpaired actinal intermediate series reaches to within 
2 plates of the margin, the outer end being crowded between the 
outer ends of the 2 series which extend from each third adambulacral 
to the unpaired inferomarginal. Plates low, and covered with sub- 
conical, rather irregular, skin-covered granules which become slen. 
derer on drying; and with a central appressed sharp spinule similar 
to the inferomarginal spinules, 
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Adambulacral plates with a slightly angular furrow margin, bear- 
ing 6 or 7 short, blunt, robust spines, the mesial often slightly com- 
pressed, the others irregularly 4-sided in section and stouter. The 
distal edge of the comb is convex. Along the transverse margin of 
the plate are 3 to 6 short granules, often pressed against their fellows 
of the adjacent plate. One or 2 sharp tapering appressed spines, 
similar in form and size to those of the actinal intermediate plates, 
stand on the actinal surface, surrounded by 5 to 8 elongate sub- 
conical granules, or short, robust spinelets, with 3 or 4 spaced 
granules on the outer margin. About 3 subambulacral spinelets 
longer than the rest often form a series spaced from and parallel 
to furrow series, between it and the subambulacral spines. The plates 
are slightly wider than long, the first 3 or 4 being decidedly wider 
than long. 

Mouth plates narrow with 4 or 5 short, sharp, furrow spines, in- 
creasing in size toward the median unpaired tooth. Following the 
margin adjacent to first adambulacral plate are 9 or 10 spines, which 
are soon reduced to granules on the outer part of plate, while close 
to them about an equal number follow the median suture margin, 
becoming enlarged into sharp spines at the inner end of the plate 
near the furrow spines, between which and the superficial spines 
there is a row of 3 or 4 intermediate spines. 

Madreporic body rather small, crowded between the pedicels of 
plates and nearly hidden, situated a little over a third the distance 
from center to under edge of superomarginals. 

Gonads in a single tuft on either side of the interbrachial septum, 
near the margin. Superambulacral plates present, touching the 
lower end of the ambulacral plates, the rest of the plate lying upon 
the actinal intermediates. 

Type.—Cat. No. 30538, U.S.N.M. 

Type-locality Station 5118, Balayan Bay, southern Luzon, 159 
fathoms, dark green mud. 

Distribution—Balayan Bay, Luzon, to Mindanao Sea, 159 to 254 
fathoms on dark green mud; bottom temperature 50.2° to 58.5° F. 

Specimens examined.—Six, the type and 1 from each of the fol- 
lowing stations: 

Station 5116, mouth of Balayan Bay, Luzon, 200 fathoms, bottom 
not recorded, bottom temperature 50.2° F. 

Station 5118, Balayan Bay, Luzon, 159 fathoms, dark green mud. 

Station 5863, Balayan Bay, 180 fathoms, bottom not recorded. 

Station 5530, between Siquijor and Bohol [mistake in labeling, as 
this was an intermediate haul]. 

Station 5537, between Negros and Siquijor, 254 fathoms, green 
mud, bottom temperature 53.5° F. 
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Subfamily GONIASTERINAE Verrill,! 1899 (extended). 
Genus ROSASTER Perrier. 


Rosaster Perrier, 1894, p. 886. Type, Pentagonaster alerandri Perrier.- - 
FisHErR, 1911, p. 164; 1913a, p. 629. 

Nereidaster VrrRILt, 1899, p. 186. Type, Nymphaster symbolicus Sladen. 
[Not Nereidaster, Fisher, 1911d, p. 170, which as used here is synony- 
mous with Ceramaster. I had not then seen the type of the genus 
which has not the anatomical characters given in the key.] 

Diagnosis —Goniasteridae resembling M/ediaster in having internal 
supplementary ossicles connecting the abactinal plates and in having 
the gonads arranged in series extending along the rays, but differing 
in lacking rudimentary superambulacral ossicles, and in having the 
superomarginals in contact medially over a considerable portion of 
the ray (if separated, then only by a single series of small plates for 
a considerable distance) ; pedicellariae always slender, tong-shaped, 
not of the low-bivalved form. Resembling Vymphaster in form but 
differing in the serial arrangement of gonads, in having strongly 
tabulate subpaxilliform abactinal plates, and in lacking the strongly 
angular furrow margin to the adambulacral plates. Form stellate, 
with well-developed rays; superomarginals in contact distally, some- 
times for a considerable portion of ray; abactinal plates strongly 
tabulate on papular areas and with internal radiating connecting 
ossicles; actinal interradial areas large; adambulacral plates with a 
straight or slightly curved furrow margin bearing a regular comb of 
few to many, usually compressed, spines, and spaced from these a 
subambulacral series of spines, more or less prismatic, the outer part 
of the plate being occupied by granules sometimes graduated in size 
toward the subambulacral series of spines; pedicellariae rather slen- 
der, spatulate, and intrenched; no superambulacral ossicles; gonads 
in several independent tufts which extend in a series along the ray, 
close to, or removed from, the margin and usually parallel to the 
radius; tube feet without deposits. 

Remarks.—The three species which I have placed here under the 
genus Rosaster agree in having the characters mentioned in the 
diagnosis above, and in these respects differ from NVymphasier, 
Mediaster, and Ceramaster, the most nearly related genera. 

I have long suspected that Rosaster alexandri might be allied to 
the section of Nymphaster called Nereidaster by Verrill i in n 1899. But 

1See Fisher, 1911d, pp. 160, 161, 196. The aapramnuy is used here in the same sense. 

Verrill (1914a, p. 294) believes that Mediaster should be placed in the subfamily 
Mediasterinae on the basis of the existence of radiating internal ossicles connecting the 
hases of the abactinal plates. Rosaster would probably be placed in the same subfamily, 
although differing in lacking superambulacral ossicles. Mediaster and Ceramaster are 
difficult to separate on external characters, and can be easily confused unless they are 
dissected. It seems rather unnecessary to place in separate subfamilies two genera 


which can be distinguished only by an expert. Some of the species of Rosaster have 
up to now been included in Nymphaster, and in “ Nereidaster,’ both supposedly typical 


Goniasterinae. 
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Sladen published no anatomical notes. In 1906 I raised Nereidaster 
to generic rank, including in it a species (Vereidaster bowersi) which 
proves not to be congeneric with the type of Nereidaster. It is this 
misconception of Vereidaster which I incorporated into a key to the 
genera of Goniasteridae in the Asteroidea of the North Pacific, 1911d 
(p. 170). 

IT made a cursory examination of osaster several years ago and 
thought I found rudimentary superambulacral plates. These are 
not present. What I saw, on closer examination, proves to be curious 
spiny outgrowths from the lower end of the ambulacral ossicles. 
The arrangement of the gonads and the presence of abactinal 
internal ossicles, similar to those of the species herein described, in 
addition to external similarities, leave no doubt that Veretdaster and 
Rosaster are the same. The external appearance of &. alexandri 
is much like #. nannus, and even more like #. confinis (Koehler), 
especially with regard to the abactinal surface. 

The specimen of fosaster alexandri (from off Barbados, 103 
fathoms) which I examined has R only 16 mm., yet the gonads 
are well enough developed to show the serial arrangement. There 
are 4 of them in each series, the innermost being near the inter- 
radial’ septum and on the outer side of the row of plates next the 
adradial. The series follows this row to the margin (only a short 
distance), and is then bent inward by the marginal plates. The 
structure of the gonad resembles that of 2. nannus and R. symbolicus, 
being a simple ovoid sac, or a small cluster of sacs. Sometimes these 
show an incipient lobing, but it is slight. The other internal diag- 
nostic feature is well developed. Two rows of abactinal plates on 
either side of the median radial are provided with internal radiating 
ossicles. The median radial plates may have 5 to 8 ossicles. Two 
plates have the longitudinally directed ossicles (those connecting 
consecutive plates of the same series) split in two, making with the 
2 lateral ossicles of each side a total of 8. The other plates have 5 or 
6. The ossicles are longer and slenderer than in R. nannus. The 
intestinal coecum is divided into long fingerlike sacs, interradial in 
position. The coelomic side of the ambulacral plates is raised into 
a thin carina, from which arise numerous extremely delicate and 
fairly long spiny projections, best developed on the proximal plates, 
and on each plate at the lower end, although there are a variable 
number along the whole length of the plate. At the lower end of 
the plate they resemble a tuft of tiny calcareous hairs. In 2. nannus 
the plates are similarly produced into a thin knifelike edge on the 
coelomic side, this edge separating consecutive ampullae, and show- 
ing occasional short spinelike projections, or even appearing like a 
saw, but never with the extraordinary delicate hairlike projections 
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of R. alewandri. In R. symbolicus the plates are keeled, the edge of 

the keel being very thin, uneven, and rough but not spiny. In 2. 

mimicus there is no keel. 

As there are 2 names in the field for the same group, I have exam- 
ined the species with the idea of instituting two subgenera. About 
the only characters I find are as follows: Rosaster (including alea- 
andri, nannus, and perhaps conjinis) is small and the gonads are 
rather closer to the margin, although this may be due to the fewer 
abactinal plates, especially of the interradial regions. The adambu- 
lacral spines are generally few—4 to 7 or 8 or, leaving out confinis, 
4 or 5. In Nereidaster (including symbolicus, bipunctus, and mi- 
micus) the size is larger. The gonads are spaced from the margin 
in a line parallel to the median radial (but this is strongly indicated 
in R. alexandri), and the furrow spines are numerous—8 to 15. In 
the present state of our knowledge I do not feel justified in advocat- 
ing this distinction. I fancy the slight difference in the gonads will 
break down when more species are examined, and the difference in 
the number of furrow spines is bridged over by R. confinis, which 
is intermediate between the extremes. Even 2. symbolicus may have 
as few as 8. 

It should be mentioned in this connection that 2. alexandri differs 
from the other species, with the possible exception of ?. confinis, in 
having more spiniform granules on the abactinal plates, these being 
thorny and 1.5 to 2 times as long as wide, blunt, or pointed. The 
furrow and subambulacral spines are unusually long. One of the 
latter is generally enlarged over the other 1 or 2. These charac- 
ters may be of considerable importance, but they seem too slight for 
a generic division. In Mediaster tenellus Fisher a somewhat anal- 
ogous elongation of the granules into short spinelets has taken place. 

Nymphaster protentus approaches this group rather closely, but 
it is useless to speculate on external resemblances. The arrangement 
of the gonads and the internal structure of the abactinal skeleton is 
unknown. 

Nymphaster florifer possibly belongs to MWediaster. The internal 
anatomy is not known. 

The following synopsis will contrast the differences between 
Nymphastcr, Rosaster, Mediaster, and allies: 

a. With internal radiating ossicles connecting the strongly tabulate plates of 
the papular areas; gonads three to many arranged in series parallel to 
the radius, or following the contour of margin. 

b*. With calcified interbrachial septa, supplementary internal actinal inter- 

mediate plates, unusually large, and fewer abactinal plates, and large 
triangular papular areas____- us a NE tld hae VCE hs 


b®, With membranous interbrachial septa, no internal actinal intermediate 
plates, and with moderate or small abactinal plates and papular areas. 
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c’, Rudimentary superambulacral plates present; several series of abactinal 
plates extending to near end of ray, and normally one or more series 
PEAchin SetHestermiM al ipl pies As ae ete he ee ee Mediaster. 

¢. No rudimentary superambulacral plates; distal superomarginals usually 
in contact, forming a slender, pointed ray, or if not in contact, sepa- 
rated for a considerable distance only by a single series of reduced 
abactinal eplaress= = 2 atlas ere Oi ee ie) ee eas Rosaster. 

a’, Without internal radiating ossicles connecting the abactinal plates; gonads 

always interradial in position. 

bd’. General form pentagonal or stellato-pentagenal with very short rays; 
abactinal plates of papular areas tabulate; superomarginal plates not 
eontiguous on the rays, one or more series of abactinal plates reach- 

ing the terminal plate (occasionally a few distal plates in contact 
medially) ; adambulacral plates with a straight or curved furrow margin 

and with a series of subambulacral spines spaced from the furrow 
spines, but no strongly angular furrow margin separating consecutive 
DAS eOt CUD LEC tS ees ee AIEEE EAM EAN 1dR AA AES ERA WER AAE EN Ceramaster. 

b?. General form stellate with long slender rays; abactinal plates granulate 
but not tabulate, although sometimes a trifle raised; superomarginals 
contiguous throughout the long slender rays; adambulacral plates with 

(at least distally) a strongly angular furrow margin, and angular fur- 

row series, separating consecutive tube-feet; no regular comb of 
subambulacral spines spaced from furrow series (although sometimes 

the inner subambulacrals are enlarged) -________________ Nymphasiter. 


Tt will be seen from this table that Vymphaster is rather sharply 
set off from FRosaster by the low abactinal plates lacking internal 
supplementary ossicles, by the strictly interradial gonads (1 tuft), 
and by the characteristic form of the adambulacral plates and arma- 
ture. The principal likeness between the two groups is in the long, 
slender rays and contiguous superomarginals. 


KEY TO THE KNOWN SPECIES OF ROSASTER. 


a. Superomarginals contiguous for nearly half to more than half of R; not 
separated by a single series of small plates for a considerable distance. 
b*. Furrow spines 4 or 5, at least few in number; size small. 

c. Abactinal paxilliform plates roundish, with subequal, thorny spinelets; 
granules of marginal plates longer than diameter, thorny and re- 
sembling very short spinelets; furrow spines relatively long, slender, 
COMPTESSed) Models 2 Cee A ae Ee ble alexandri. 

c. Abactinal plates hexagonal, with unequal granules, the peripheral on the 
lateral edges of the radial and adradial plates being enlarged and 
opercular, covering the papulae beneath; granules of marginal plates 
small, depressed, hemispherical, broader than high; furrow spines 
SOU er eee erate 88 8 EET PPI Se pees PAE YS TSC nanwus, p. 244, 

b*. Furrow spines 7 or 8 to 14 or 15; size small to large. 

Cc. Size small; radial tabulate plates roundish, a few distal abactinal plates 
isolated singly between consecutive pairs of contiguous superomar- 
ginals; furrow spines 7 or 8; subambulacral spines and granules in 
SMISCLIG Saeed he er Pemannaemerineeeand Shs. JAM 2 vl sale Re conjinis. 

¢. Size medium or large; radial tabulate plates hexagonal. 

@, Furrow spines 14 or 15; large radial plates with 12 to 23 central 
TATA OS ee ne a oh mimicus, p. 250. 
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ad’, Furrow spines 8 to 10; large radial plates with 2 to 4 central gran- 

ILO fie ete he Page NE oe ag Rs ea et ee es ee bipunctus. 

a. Superomarginals separated on outer part of ray by a single series of abac- 
tinal plates, but the last few plates may be in contact medially. 

b*. Size small; distal marginals with a small central tubercle; marginals 


tumidsucrowespines) 4707) == see ae eae ee mamillatus, p. 247. 
b*, Size large; distal marginals not tuberculate; marginals not individually 
GUM SEHUELOW!SPINESTS COWL 22 ss eee ee ee ee a ie symbolicus, p. 253. 


ROSASTER NANNUS Fisher. 
Plate 61, figs. 1, 2; plate 68, fig. 6; plate 91, figs. 3, 3a. 
Rosaster nannus FisHeEr, 1918a, p. 681. 


Diagnosis.—A small species resembling PR. confinis (Koehler), but 
differing in having larger, hexagonal, radial plates, with differently 
formed and characteristic marginal granules, fewer furrow spines 
(4 or 5) and 2 instead of 3 series of subambulacral spines and gran- 
ules. Disk stellato-pentagonal, the rays at first tapering abruptly 
to the third superomarginal, which meets its fellow medially, then 
very gradually, the extremity being blunt and the general form 
resembling that of Paragonaster,; breadth of ray at inner end of third 
superomarginal equaling first 24 superomarginals measured on am- 
bitus; radial plates large, with large, valvelike granules on the 
lateral borders, and smaller ones on the transverse margins; furrow 
spines 4 or 5; subambulacral armature in 2 longitudinal series, the 
inner consisting of 3 or 4 spines; consecutive plates of median radial 
series joined by 2 internal ossicles, and joined to the adradials by 2 
transverse ossicles, the former being absent on the adradial series. 
R=24, mm., r=6.5 ‘mm:,:R=3.7 xr; breadth of ray:at midinter- 
brachium, 7 mm. 

Description.—Abactinal area stellato-pentagonal, bounded by broad 
superomarginals (2.5 of each series). Plates strongly tabulate, even 
the few interradial ones being raised as much as is usual for the 
radial plates of Nymphaster. Median radial plates, hexagonal, 
wider than long, with very straight edges. Parallel to this are 
2 longitudinal series of tabulate plates, the adradial plates being con- 
spicuously smaller than the radial and the next conspicuously smaller 
than the adradial. Between this second series and the margin are 
2 short series of lower interradial plates, forming with those of the 
other side of interbrachium 2 chevrons. <A large proximal median 
radial plate has 15 to 25 central hemispherical slightly spaced gran- 
ules, gradually decreasing to as few as 2, but usually 4 or 5, on the 
distalmost plates of the series. The peripheral granules are con- 
spicuously larger on the lateral margins, where they are flattened, 
polygonal, valvelike, and trimmed to conform to the edge of the hex- 
agon; but they decrease abruptly in size toward the middle of the 
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transverse edges, where 3 or 4 granules are smaller than the central 
ones and slightly spaced. The primary radial plate has 18 to 25 
peripheral granules, and the number decreases to about 10 on the 
distal plates. The adradial plates are similarly constructed, but 
have only 4 to 8 central granules proximally and 1 or 2 distally and 
fewer peripheral granules than have the radial plates. The second 
longitudinal series has the peripheral granules abutting against the 
adradial plates much enlarged, but the others about the size of those 
on the adjacent interradial plates. These plates have a curious one- 
sided appearance, which is more accentuated in the type than in 1 or 
2 other specimens from the same station. The great difference in 
size between the peripheral granules of the transverse margins and 
those of the lateral longitudinal margins is very striking. The pri- 
mary basal plates are larger than the primary radial in the type 
and subequal in other specimens from the same station. As men- 
tioned above, the interradial plates are also elevated and covered 
with relatively few hemispherical granules, sometimes truncate on 
the periphery of plate. No abactinal pedicellariae. 

Seen from the coelomic side, the hexagonal radial and adradial 
plates are joined by stout intermediate cssicles with a minutely 
thorny surface. Consecutive median radial plates are joined by a 
pair of ossicles (as in symbolicus), and there are 2 on either side, 
making 8 touching each plate. The adradial plates lack the ossicles 
binding consecutive plates, so that there are only 4 (the laterals) 
around each plate. The plates of center cf disk are also joined by 
the internal ossicles. Papulae on center of disk and in 4 zigzag 
series along each radial area; 6 about each radial and adradial plate. 

Superomarginal plates all longer than wide as seen from above and 
rather evenly and fully curved from the inner to the outer margin, 
the lateral face being only a trifle narrower than the dorsal. Plates 
13 to a ray in type, increasing in size up to the third, which meets 
its fellow medially. This plate is slightly longer than wide (or the 
2 dimensions subequal) as seen from above, and thence the plates are 
increasingly longer than wide. The first 2 plates are shorter than 
the chord of the extreme width, however, and in the fourth the 
length about equals the chord of width. Plates covered with slightly 
spaced, depressed subspherical granules subequal to those occupying 
the center of abactinal plates. The sutures between the plates are 
marked by well-defined grooves. Terminal plates as broad as long 
(or broader), blunt distally but pointed proximally. 

Inferomarginals nearly or quite corresponding to superomarginals, 
the length of the second equal to chord of width, but all normally 
longer than wide as seen from below. ‘Ten inferomarginals, begin- 
ning with the third, corresponding to 22 adambulacrals. Distal 
inferomarginals commonly twice as long as extreme width. Granu- 
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lation similar to that of superomarginals. A small entrenched 
2-jawed pedicellaria on some of the first plates of type, but not in 
other specimens. 

Actinal intermediate plates four-sided, in 2 or 3 regular chey- 
rons, according to the size of specimen, slightly raised, with con- 
spicuous sutures, and covered with spaced tubercular subprismatic 
granules, often longer than wide and intermediate between short 
spines and granules. The largest have 12 or 14 of these. 

Adambulacral plates small, squarish, with a nearly straight furrow 
margin proximally and a slightly curved one distally, but no angular 
projection or apophysis as in Vymphaster. Furrow spines 4 or 3 in 
small specimens, but in the type proximally 4, then 5 over the greater 
part of the ray, then 4 at tip, short, compressed, blunt. Spaced from 
these is a parallel series of 3 (proximally) or 4 stouter, shghtly 
shorter, blunt, subprismatic to subterete subambulacral spines, the 
adoral the shortest when there are 4. Spaced from these is a par- 
allel series of 3 or 4 subprismatic granules, the tip either blunt or 
beveled like that of a chisel. 

Mouth plates with 6 compressed round-tipped marginal spines 
in a straight series and about 8 suboral spines and granules, 3 or 4 
forming a series parallel to furrow; 2 more, slightly smaller, are 
parallel to these, while the outer end of the plate is occupied by 
2 or 3 granules. 

Madreporic body medium sized, surrounded by 5 plates (4 in 
young) situated about halfway between center and edge of mar- 
ginals. 

Anatomical notes—Although the specimens are small, the gonads 
are relatively very large and fill up most of the coelom of the base 
of ray. They consist of thick unbranched or bifid sacs in clusters of 
1 to 5, these extending in a series close to the margin as far as the 
third superomarginal or until these join medially. There seem to be 
at least 5 of these clusters in each series. The stomach is rather 
small. There are no superambulacral ossicles or rudiments. 

Variations —Aside from the variations referred to in the descrip- 
tion, the proportion of R to r differs individually and according to 
size. In the smallest example R=13 mm.; r= 4 mm.; R=3.2 r; an- 
other specimen measures R=17.5 mm., r=6.5 mm., R=2.7 r. A 
smaller specimen measures 16.5 mm.; r=5 mm., R=3.3 r. 

Type.—Cat. No. 30539, U.S.N.M. 

T ype-locality Station 5152, Tawi Tawi Group, Sulu Archipelago 
(lat. 5° 22’ 55’’ N.; long. 120° 15’ 45’’ E.), 34 fathoms, white sand; 
3 specimens. 

Distribution—From east of northern Palawan to the Sulu Archi- 
pelago, 34 to 51 fathoms, on sandy bottom. 
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Specimens examined.—Seven; 3 from type-locality and 4 from 
the following stations: 

Station 5432, off Corandagos Island, east of northern Palawan 
(lat. 10° 38’ 45’”’ N.; long. 120° 12’ 45’’ E.), 51 fathoms, sand; 1 
specimen. 

Station 5433, same locality, 54 fathoms, green mud, coral sand; 3 
specimens. 

Remarks.—fRosaster nannus is probably congeneric with Dorigona 
confinis Koehler, from the Andaman Islands, 67 fathoms (1910q, 
p. 57), although nothing concerning the internal anatomy of the 
latter is known. I have indicated the differences in the diagnosis. 
FR. nannus differs from 2. bipunctus (Sladen) in having larger abac- 
tinal plates, which on the papular areas have peculiar and char- 
acteristic marginal granules, longer marginal plates, much fewer fur- 
row spines. In 2. nannus 10 inferomarginals correspond to 32 adam- 
bulacrals, while in V. bipunctus only 20 or 21 (according to figure). 


ROSASTER MAMILLATUS Fisher. 
Plate 56, figs. 8, 4; plate 61, figs. 8, 4; plate 91, figs. 5, 5a. 


Rosaster mamillatus F1isHeEr, 19138a, p. 6382. 


Diagnosis.—Differing from 2. alexandri, and other small species, in 
having the superomarginals beyond the third plate separated by a 
single series of abactinal plates nearly to extremity of ray, and in the 
presence on the distal marginal plates of a small central tubercular 
granule, larger than any of the other granules. R=21 mm., r=7.5 
mm., R=a little less than 3 r; breadth of ray at midinterbrachium, 7 
mm. Superomarginals massive, tumid, 13 in number, and covered 
with roundish, rather coarse, subtruncate, slightly spaced granules, 
the peripheral being largest on the dorsal facet of plate; the 5 or 6 
superomarginals preceding the last with an enlarged, subcentral, tu- 
bercular granule; inferomarginals corresponding to superomarginals, 
tumid, the last 6 or 7 with a subcentral enlarged granule. Area of 
abactinal plates stellate; median radial plates wider than long, sub- 
hexagonal, the others subcircular, all tabulate; granules relatively 
coarse, the peripheral flattened, finger-nail-shaped, 10 to 12 on the 
radial plates and 8 to 10 on laterals; central granules roundish, low, 2 
or 3 to 6 on radial plates, 1 to 3 on lateral plates; carinal plates of 
attenuate part of ray small, those opposite the transverse sutures of 
superomarginals elliptical or lozenge-shaped, the alternate plates 
smaller and oblong; abactinal plates with a few upright conspicuous 
pedicellariae, with 2 oblong or slightly tapered jaws. Adambulacral 
plates with a slightly curved furrow margin and 4 or 5 subequal, 
slightly compressed, blunt, furrow spines; subambulacral spines 3 or 
4 in an oblique longitudinal serixs spaced from furrow, followed by 
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proximally 3 or 4 granules in a single series, or distally 5 or 6, usually 
in 2 series. Oral spines 8, similar to the adambulacral furrow spines. 

Description—Area of abactinal plates stellate, shghtly inflated on 
the radial areas and sunken on the interradial. Plates arranged in 2 
regular circles surrounding the central plate, the outer circle com- 
posed of the primary basals and radials—10 plates in all. Outside 
of these the plates form a regular series along each radius to within 
the length of 2 or 3 marginals of the tip of ray; and from the fourth 
superomarginal they are longer than wide, oblong, or elliptical in 
shape, and abut against the superomarginals of each side of ray. 
The last plate or two may be segregated by the superomarginals meet- 
ing medially. The other abactinal plates form 4 chevrons in the inter- 
radial region inclosed by 2 adjacent radial series. All the plates are 
rather strongly tabulate, except interradially near margin, and those 
of the 2 circles on center of disk which are low tabulate. The radial 
plates are wider than long and subhexagonal, the others subcircular. 
The granules are relatively coarse, the peripheral finger-nail-shaped, 
very slightly spaced and ornate, 10 or 12 in number on the radial 
plates and 8 to 10 on the laterals, surrounding, respectively, 2 or 3 to 6 
(radial) and 1 or 3 (lateral) roundish or polygonal, sometimes 
shghtly smaller, granules, spaced a little from the peripheral. The 
large primary basal plates have upward of 16 peripheral and 6 cen- 
tral granules. About a dozen plates, mostly adradials bear a promi- 
nent pedicellaria, with 2 upright, oblong, or slightly tapering jaws 
about half as long as the width of the tabulum. The plates of the 
series separating the superomarginals are sunken slightly below the 
surface of latter and are covered with mostly roundish, slightly 
spaced granules. An elliptical or lozenge-shape plate usually alter- 
nates with a smaller oblong one, the former being opposite the trans- 
verse sutures of the superomarginals. Papulae in oval, radial areas, 
reaching as far distad as the adradial plates extend, and including 
5 longitudinal rows of plates. 

Superomarginals 13, massive and tumid, encroaching conspicuously 
upon abactinal area, and beyond the third separated only by the 
single series of radial plates, the last 2 or 3 being in contact medially. 
The dorsal facet of the plate is wider than the lateral, and owing 
to the tumidity, which is more pronounced distally, the contour of 
the ray is scalloped and the margin evenly rounded, having the 
appearance of being constricted at the transverse sutures of the 
plates, which correspond on the 2 sides. The plates are covered 
with roundish, rather coarse, subtruncate, slightly spaced granules, 
those of the regular peripheral series being conspicuously larger 
than the others on the dorsal facet but becoming subequal on the 
jateral. The 5 or 6 plates preceding the last bear an enlarged sub- 
central, tubercular granule 2 or 3 times the diameter of the surround- 
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ing granules. Terminal plate fairly large, longer than wide, with 
about 4 tubercles on the end. 

Inferomarginals, corresponding to superomarginals, encroach a 
trifle less upon the actinal area of rays than the superomarginals 
upon abactinal, and the proximal plates are slightly less tumid than 
the corresponding superomarginals. The plates are covered with 
granules similar to those of the lateral surface of superomarginals, 
and the last 6 or 7 bear a subcentral enlarged granule. 

Actinal intermediate plates in 3 chevrons, the plates covered with 
spaced, prismatic, or four-sided granules 9 to 12 to a plate, rarely 
more or fewer. The plates reach to the proximal end of the third 
inferomarginal. In each chevron one plate is generally interradial 
in position, but there is usually an even number of plates in each 
chevron. The plate just back of the combined mouth plates is much 
smaller than its neighbors and has 4 granules. 

Adambulacral plates about as wide as long, with a very slightly 
convex furrow margin bearing 4 or 5 subequal, slightly compressed, 
four-sided, untapered, blunt furrow spines, about as long as the 
plate and forming a comb with slightly divergent or parallel com- 
pact teeth. Subambulacral armature: an oblique, longitudinal, 
slightly curved series of 4 or 3 four-sided short spines, stouter and 
a little shorter than the furrow spines and spaced from them. Back 
of these at outer end of plate is a row of 3 or 4 elongate granules or 
sometimes distally 5 or 6 granules in 2 series, or forming a circle 
with the inner subambulacral spines. 

Mouth plates small with straight furrow margin bearing 8 spines 
similar to those of the adambulacrals, but the inner 2 or 3 a little 
heavier. Parallel to these are 3 to 5 spines in line with the inner 
series of subambulacrals and subsimilar to them, the outer part of the 
plate being occupied by 6 or 7 spines and granules graded in size 
from the above to the actinal intermediate granules. 

Madreporic body surrounded by 5 plates and situated about half- 
way between center and inner edge of marginal plates, with a few 
curved, incomplete, branched striae separated by broad ridges. 

Anatomical notes-—Gonads not yet developed; intestinal coecum 
with bifid interradial branches; no superambulacral plates. The 
membranous interbrachial septa have relatively few conspicuous 
calcareous plates, some of them shaped like short spines which pro- 
ject at right angles to the septum. Ambulacral ossicles with a sharp 
ridge toward the coelom, which bears on the proximal plates several 
fine spiculiform prolongations midway between the upper and lower 
ends. 

Type.—Cat. No. 30541, U.S.N.M. 

Ty pe-locality —Station 5481, Surigao Strait, off Cabugan Grande 
Island, Leyte, 61 fathoms, sand shells, gravel; 1 specimen. 
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Distribution —Iknown only from the type-locality. 

Remarks.—This species agrees with ?. symbolicus in having the 
superomarginals of the ray, except the last two or three, separated 
by a single series of abactinal plates, but differs in having conspicu- 
ously tumid marginal plates, the distal half dozen of each series 
bearing a small central tubercle. The furrow spines are 4 or 5 in- 
stead of 8 to 12, and the species is small while symbolicus is large. 


ROSASTER MIMICUS Fisher. 
Plate 62, fig. 1; plate 65, fig. 1; plate 70, fig. 1; plate 91, figs. 4, 4a—b. 
Rosaster mimicus F1IsHER, 1918a, p. 632. 


Diagnosis —Resembling somewhat 2. bipunctus (Sladen), but dif- 
fering in having sharper rays, compacter paxillae with numerous 
crowded central granules, more numerous, compressed, furrow spines 
(12 to 14), more numerous subambulacral spines and granules, and 
more numerous oral spines. Form stellate with arcuate interbrachia 
and gradually tapering rays; sides of ray and disk perpendicular 
with a longitudinal depression; breadth of ray, measured at proximal 
suture of first pair of superomarginals which meet medially equal to 
first 3.5 or 4 superomarginals measured on ambitus; abactinal plates 
strongly tabulate on papular areas and with upward of 23 central and 
25 peripheral granules on the radial series; abactinal, marginal, ac- 
tinal intermediate, and adambulacral pedicellariae; subambulacral 
armature a series of prismatic spines and 2 or 3 parallel series of 
granules; furrow spines 12 to 14. R=56 mm., r=21 mm., R=2.7 r 
(cotype) ; in type R=probably 75 mm. and r=23 mm. 

Description—The general form is sufficiently shown by the pho- 
tographic figure. The rays are only of moderate length, the tip of 
all of those of the type being missing, but the slightly smaller cotype 
has a perfect ray. Abactinal area stellato-pentagonal to pentagonal. 
Abactinal plates regular, those of the radial areas and center of disk 
(papular area) strongly tabulate, a radial and 3 parallel longitudinal 
series being symmetrically hexagonal, flat-topped, or slightly convex. 
A radial plate of the type has upward of 23 subcircular or polygonal 
flat-topped or slightly convex depressed central granules, and 15 to 
25 truncate larger peripheral ones, the outer edges conforming to 
the contour of the pentagonal form as if dressed with a knife. The 
proximal plates have the largest and fewest peripheral granules. In 
the cotype (station 5282) the peripheral granules of the radial series 
range from 12 to 18 and the central, 8 or 9 to 12. The plates on 
center of disk are irregularly hexagonal or pentagonal with clean-cut 
edges. The primary basal plates are slightly larger than the largest 
radial plates. There are 5 or 6 chevrons of close-set, four-sided, in- 
terradial plates covered with a uniform mail of oblate spherical gran- 
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ules, those of the peripheral series being “trimmed” to a straight 
edge on the plates adjacent to the lateralmost radial series. The 
radial papular areas are oblong rather than lanceolate; papulae on 
center of disk. There are a very few slender entrenched pedicel- 
Jariae, with a fairly wide base tapering into very slender jaws, on 
the abactinal plates, and similar ones on the dorsal and lateral sur- 
faces of a few of the proximal superomarginals. They have no defi- 
nite position on the plate. 

The plates of the papular areas when examined from the inner or 
coelomic side are hexagonal with arcuate sides. The radial and 
either adradial series are joined together by internal oblong or 
elliptical ossicles at the corners of the plates, and each adradial series 
is also joined to the second longitudinal series in the same way. 
There are, consequently, 4 Jongitudinal series of the internal ossicles 
extending transversely between the plates and 3 series of longitudi- 
nally directed ossicles between these. As the papular area increases 
in size new ossicles appear, so that in the cotype there are 6 instead 
of 4 longitudinal series of transversely directed ossicles; these do not 
encroach on center of disk except in fully grown examples. 

Superomarginals forming a slightly to decidedly raised border 
to abactinal area. They are blocklike and the angle between the 
dorsal and lateral faces is abrupt, swollen, and less than a right 
angle, there being a depression all along lateral face of disk and ray. 
Superomarginals increasing in size up to the fifth. Either this or the 
sixth meets its fellow medially ; dorsal surface of first 4 plates slightly 
wider than long; fifth decidedly wider than long; thence the width 
decreases more rapidly than the length, the ninth being square and 
the succeeding plates slightly, then obviously, longer than wide. 
Height of plate interradially and on proximal part of ray slightly 
more than half the width of dorsal surface; near the end the 2 dimen- 
sions are nearly equal. Granules small, depressed, circular, close 
but not touching, similar to those on the abactinal interradial plates. 
Number of plates in cotype, 21 or 22. Terminal plate ovoid, pointed 
proximally. 

Inferomarginals about as wide interbrachially as superomarginals, 
but decreasing regularly in width from the first plate, the fifth being 
about as wide as long, and the succeeding longer than wide, as 
seen from below. Ten inferomarginals, beginning with the eighth, 
correspond to 20 adambulacrals (19-21). Granulation similar to 
that of superomarginals. Many of the plates have 1 or 2 slender 
entrenched pedicellariae on the actinal surface. 

Actinal intermediate plates in 5 chevrons, the outer reaching 
eighth inferomarginal. The plates are plane and covered with 
slightly spaced, convex, polygonal, or hemispherical, equal granules, 
the sutures between the plates being narrow but conspicuous. Many 
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of the plates of the innermost chevron, and other scattered plates, 
have a pedicellaria with 2 slender, spatulate, denticulate, or entire 
jaws, springing from a narrow base; and sometimes they have a 
couple of pedicellarialike granules at one side, as in 2. symbolicus. 

Adambulacral plates at first with a nearly straight, then a slightly 
curved furrow margin, but without an angular apophysis. On the 
outer part of the ray this convexity is sufficient to separate consecutive 
pairs of tube feet as the plates are placed exactly opposite. Furrow 
spines at first 12, increasing to 14 or even 15, sharply four-sided, 
compressed to an even thickness,truncate, very comblike, with a nearly 
straight distal margin, but the 1 or 2 lateralmost are shorter. The 
thickness of the spines is much less than their width (in the trans- 
verse axis of plate). Separated from these by a slight space is a 
curved series of 6 close-set heavy four-sided spines shorter than the 
furrow spines and beveled from the base to tip, like a wedge. Back 
of these are 2 spaced rows of three- or four-sided prismatic granules, 5 
or 6 to a row, these increasing to 3 rows on the outer part of ray. 
Thus a plate may have 25 to 30 subambulacral granules, as the first 
spinose series becomes. gradually reduced to granules. Many plates, 
near their proximal end, have a stout pedicellaria composed of 3 
or 4 incurved spiniform jaws modified from granules. In the type 
these are not very numerous, and are lacking on the outer half of ray. 
In specimens from station 5282 they occur on a majority of the 
plates, and beyond the proximal third of the ray have 2 jaws, becom- 
ing gradually transformed on the outer half of ray into the ordi- 
nary pincer with narrow strap-shaped or slightly spatuiate (variable) 
jaws. These specimens also have the actinal intermediate pedicel- 
lariae more numerous. 

Mouth plates with a straight furrow margin and 15 marginal 
spines, the outer 10 truncate and four-sided, the inner 5 increasing 
in size and becoming three-sided, compressed, and knifelike. Parallel 
to the furrow series are about 6 prismatic shorter, stouter spines 
in line with the first subambulacral series, the outer part of plate 
being occupied by 12 to 14 variable granules, in general like those of 
the adambulacrals. | 

Madeporic body very small, three- or four-sided, surrounded by 
four plates, with a fifth encroaching, and situated about one-fifth r 
from center. 

Anatomical notes—The gonads form a series of 5 small tufts 
(probably more in the larger type), which begin at the middle of 
the interradius and, following the fourth longitudinal series of abac- 
tinal plates, just outside of the papular area, reaches to the third 
superomarginal plate. This arrangement conforms with that found 
in R. symbolicus and R. nannus. The gonads resemble miniature 
bunches of grapes, and each tuft has a separate aperture. The 





STARFISHES OF THE PHILIPPINE SEAS. 250 


intestinal coecum resembles that of 2. symbolicus, but each interra- 
dial division is entire and not divided into 2 distal lobes. There are 
no rudimentary superambulacral ossicles. 

Type—Cat. No. 30540, U.S.N.M. 

Type-locality —Station 5281, between Lubang and Luzon (lat. 13° 
59’ 45’” N.; long. 120° 25’ E.), 201 fathoms, dark gray sand. 

Distribution—Known only from the vicinity of the type-locality. 

Specimens examined—Four, the type, and 38 from station 5282, 
type-locality, 248 fathoms, dark gray sand. 

Remarks—\ do not think this species is so closely related to 
PR. bipunctus as is R. nannus. A small example of 2. mimicus with 
R=32 mm., and therefore comparable to the type of bipunctus is 
just as different as the larger type, except that the large radial 
plates have upward of 12 central granules and the adambulacral 
plates have 12 compressed, truncate furrow spines instead of the 
maximum of 14 or 15 of the type. 

The general appearance of 2. mimicus 1s much like a Ceramaster 
or a Mediaster, with long rays and numerous superomarginals in 
contact. At the same time it greatly resembles a true Vymphaster, 
from which it is separated by the anatomical features characterizing 
Rosaster. 

ROSASTER SYMBOLICUS (Sladen). 

Plate 91, fig. 6. 
Nymphaster symbolicus SLADEN, 1889, p. 297, pl. 50, figs. 1 and 2; pl. 5a, 
figs. 7 and 8. 
Nereidaster symbolicus VERRILL, 1899, p. 187. 
Rosaster symbolicus FisuEr, 1918a, p. 680. 

Notes on Philippine specimens.—The 2 specimens differ somewhat 
from Sladen’s figures, but agree more closely with his description, 
the latter not being in strict accord with the plates. 

The specimen from station 5520 has 9 or more superomarginals 
in contact at the end of the ray. Sladen’s figure shows them sepa- 
rated throughout the ray. But he says, on page 299: “Toward the 
end of the ray the paxillar plates lose their hexagonal outline and 
become square, and finally become so small that their serial succes- 
sion is interrupted by the contact of the 2 corresponding supero- 
marginal plates from each side of the ray. The radial series then 
rapidly aborts and the extremity of the ray is occupied entirely by 
the superomarginal plates.” On the following page he says: 
* Nymphaster symbolicus is readily distinguished from Vymphaster 
protentus and its allies * * * by the presence of a medioradial 
series of plates which separate the two opposite series of supero- 
marginal plates throughout the ray.” He contradicts himself in the 
same way in his key, his statement being obviously erroneous there, 
because in WV. bipunctus the distal superomarginals are regularly in 
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contact and are not separated throughout the ray, as the heading 
of the synopsis would lead one to believe. 

In the specimen from station 5520 there is some irregularity in 
the form of the plates, after being reduced to a single series on the 
ray. At first hexagonal plates alternate with squarish ones, and then 
the latter die out and the hexagonal plates become lozenge-shaped, 
and are interrupted by the superomarginals meeting medially be- 
tween them. The central granules of the abactinal plates are less 
globular than in Sladen’s figures and description. Rather they are 
polygonal, subtruncate, with a slight eminence in the center like a 
pimple or mamelon. This specimen has usually 10 or 11 compressed 
furrow spinelets, less often 9. Sladen gives 10, but his figures show 
12 and 18. 

The specimen from station 5367 has slightly shorter rays and the 
series of abactinal plates reaches the terminal plate. It agrees with 
Sladen’s variety breviradiatus in these respects and in having a 
pair of enlarged pedicellarialike granules adjacent to the actinal 
intermediate pedicellariae, but differs in having only a few (fre- 
quently only 2) depressed subglobular granules on the central part 
of the tabulum of radial abactinal plates. There are two kinds of 
abactinal pedicellariae. One is the usual slender, entrenched forceps 
described by Sladen. These have compressed toothed jaws, and 
when the pair is closed they have a broadly elliptical form viewed 
from the side. The other form is not common. It consists of 2 
slightly modified elongate curved granules. In this specimen the 
compressed furrow spines are commonly 9. 

The intestinal coecum is very large and consists of a central irregu- 
lar pentagonal sac about 5 mm. wide, from which 5 slender coeca 
extend interradially to the margin, each being divided at the middle 
into 2 distal portions. The stomach is small and the hepatic coeca 
extend about half the length of ray. The gonads are in 10 or more 
independent tufts, which extend along the ray about as far as the 
first 6 superomarginals. This condition recalls that in several Astro- 
pectinidae, as, for example, Dipsacaster. There are 2 Polian vesicles 
in the hydropore interradius and 1 in each of the others; ampullae 
strongly double; tube feet with strong sucking disk. Interbrachial 
septum membranous. No superambulacral ossicles, or rudiments. 

The form of the abactinal skeleton as seen from the coelomic side 
is very curious. The plates are bound together by slender, irregular 
rods, much as in Mediaster, but the rods are often once branched and 
have tiny spinelike processes growing downward, which give to the 
coelomic surface of the abactinal integument a spinulose appearance, 
suggesting remotely the abactinal surface of some species of /7en- 
-icia having few sharp, spinelets. The plates of the radial series are 
slightly 6-lobed, with 6 to 8 of the rods connecting it with neigh- 
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boring plates. Often there are 2 rods side by side connecting con- 
secutive plates of the carinal series. The iateral radial plates are 
also lobed; but distally the lobes become obsolete. The papular areas 
include 4 longitudinal series of plates on either side of the median 
radial plates, and the rods are present connecting these. The inter- 
radial side of the fourth row is without rods, being joined rather 
tightly to the interradial plates which are four-sided and closely joined. 
The papulae are present on the center of disk, and the connecting 
rods are found here also. The figure will give a better idea of the 
exact form of the plates (see pl. 91, fig. 6), which are paralleled by 
those of Mediaster. 

Type—tn the British Museum. 

Type-locality—Offt Tablas Island, Philippine Group, 100-115 
fathoms, green mud, Challenger station 204. 

Distribution—Philippine Islands to the Banda and Arafura Seas, 
28 to 180 fathoms. 

Specimens examined.—Two, from the following stations: 

Station 5367. North coast Mindoro (Verde Island Passage), 180 
fathoms, sand. 

Station 5520. Mindanao Sea, off Point Tagolo, Mindanao, 102 
fathoms, bottom temperature 61.3° F. 


Genus MEDIASTER Stimpson. 


Mediaster Stimpson, Boston Journ. Nat. Hist., vol. 6, p. 530.—FIsHER, 
1911d, p. 196. Type, M. aequalis Stimpson. 

Mediaster is closely related to osaster, and is separated from it 
by the presence of rudimentary superambulacral ossicles and by the 
form of the ray. Several series of abactinal plates extend nearly to 
the tip of the ray, the last 2 or 3 superomarginals being separated 
by a single radial series. Occasionally the last few plates are in 
contact medially, or more than 1 series reaches the termina] plate. 
Both genera have the internal supplementary abactinal plates and 
the serially arranged gonads. Both genera have species with only 
a few gonads to the series (Mediaster aequalis and Rosaster alex- 
andri or R. nannus) and species with comparatively many (Mediaster 
ornatus and Rosaster symbolicus or R. mimicus). The internal ossi- 
cles are slenderer and better developed in Mediaster, having a wider 
distribution, in J/. aequalis extending to the interradial septa. 

Mediaster aequalis has 3 rather large tufts in each series of gonads, 
nearer the margin than in J/. ornatus; M. arcuatus has 6 tufts (in the 
specimen dissected) ; If. bairdii has 6 tufts (in specimen dissected) ; 
M. ornatus has 5 to 10 tufts. 

Mediaster is closely related to Neciria, an Australian genus. Nec- 
tria differs from MMediaster in having calcified interbrachial septa, 
supplementary, internal, actinal intermediate plates, relatively very 
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large tabulate abactinal plates, fewer than in Mediaster, and in hav- 
ing large triangular papular areas on the disk, with upward of 10 or 
even more (as high as 18 in Vectria ocellata) papulae. 


MEDIASTER ORNATUS Fisher. 


Mediaster ornatus Fisuer, 1906, p. 1046, pl. 16, figs. 3, 8a—b; pl. 20, figs. 1 
and 2.—KoeEHILER, 1909, p. 78, pl. 10, fig. 4 (Arabian Sea). 

Notes on Philippine specimens.—The 3 examples, very nearly of a 
size, are all larger than the Hawaiian specimens and present several 
minor points of difference. The ray is a trifle slenderer at the tip, 
the abactinal plates more compact, but not necessarily larger, the 
actinal intermediate granules a little smaller, more depressed, and 
the sutures between the plates not so conspicuous or deep. The fur- 
row spines are 6 or 7, but occasionally 5, and the series of subambu- 
lacral spines is not quite so prominent. In Hawaiian specimens the 
furrow spines vary from 6 to 8, and very rarely a shorter ninth spine 
is present. But the Hawaiian examples are rather variable in the 
form of the granules, compactness of plates, and in the number of 
spines and granules. A character not brought out in the original 
description and one which is exhibited by most species of the genus 
is the presence, on the outer attenuate part of the ray, of an enlarged 
club-shaped subambulacral, much longer than the furrow spines and 
situated in the middle of the inner subambulacral series, the other 
members of which are shorter than the furrow spines. 

The internal supplementary ossicles of the abactinal plates are 
slender and overlap the plates for a third of their diameter. There is 
no difference between the Philippine and Hawaiian specimens in this 
regard. The Philippine example dissected has the gonads in a series 
of 10 tufts extending from the interbrachial septum (at about mid- 
way between center and margin) along the sixth longitudinal series 
of plates from the midradial, reaching to the fifth superomarginal. 
In a medium-sized (not the largest) Hawaiian specimen there are 5 
or 6 tufts, reaching the fourth superomarginal. The series in the 
Philippine example is longer than in any species of the genus. Jf. 
aequalis constantly has only 3 tufts. R=78 mm., r=33 mm., R= 
2.33 r; another specimen, R=78 mm., r=31 mm. 

Ty pe-locality— Station 4022, east coast of Kauai Island, Hawaiian 
Islands, 399-874 fathoms, coral sand, foraminifera; bottom tempera- 
ture 41° F. 

Distribution—Hawaiian Islands, Philippine Islands, and the 
Arabian Sea, 286 to 492 fathoms. 

Specimens examined —Three from the following stations: Station 
5450, Lagonoy Gulf, east coast Luzon, 408 fathoms, green mud, coral, 
bottom temperature 42.3°; 1 specimen. Station 5467, same locality, 
480 fathoms; 2 specimens. 
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Genus CERAMASTER (Verrill). 


Ceramaster. VerRRILL (See. C of Tosia), 1899, p. 161. Type, Asterias 
granularis Retz.—FIsHEr, 1911d, p. 204. 


CERAMASTER SMITHI Fisher. 
Plate 57, fig. 1; plate 58, fig. 2; plate 91, fig. 7. 
Ceramaster smithi FisHER, 1913a, p. 640. 


Diagnosis—In general appearance closely resembling C. clarki 
Fisher, but differing in having less elevated abactinal plates, with 
shorter and differently formed basal lobes; more numerous granules, 
especially on center of tabulum; smaller pedicellariae; coarser and 
characteristically formed subambulacral spines. General form arcu- 
ately pentagonal, produced at the corners into short, blunt rays; body 
thin; margins thin, the plates being small as in @. clarki; abactinal 
plates very short-lobed and with hexagonal crowns on papular areas, 
composed of 10 to 18 central and 15 to 22 peripheral, subequal, 
slightly spaced granules, and often a small, spatulate, two-jawed pedi- 
cellaria; superomarginals longer than wide and with slightly spaced, 
flat granules, except the last few plates, which are wider than long 
and have a bare area; adambulacral plates with 4 or 5 coarse furrow 
spines and 3 coarser truncate subambulacral spines, the tips truncate 
and curiously etched out, pitted, and wrinkled, the grooving extend- 
ing down the outer side; oral spines, 8 or 9. R=60 mm., r=31 mm., 
R=nearly 2 r. 

Description—Abactinal plates lower than in @. clarki, with 
broader tabula in proportion to height, and with more numerous 
granules, especially on central part of tabulum. The larger radial 
plates have 15 to 22 peripheral, flattened granules, which overhang 
the edge of tabulum and have their distal margin square-cut or 
slightly rounded, or at the corners of the plate conforming to the 
hexagonal form of the crown. The central granules, 10 to 18 on the 
larger plates, are circular, flattened, and slightly spaced, but nearly 
uniform in size and not unequal as in clarki nor often markedly 
smaller than the peripheral. Many of the plates have a two-jawed, 
shghtly spatulate, slender pedicellaria shaped much as in @. clarki, 
but smaller. The median radial plates are the largest, the tabulum 
being about one-third to three-fourths as high as wide, occasionally 
shghtly more on a small radial plate. The plates decrease in size 
very gradually toward the small interradial areas, which are paved 
with small squarish or roundish plates separated by narrow, shallow 
channels. Pedicellariae are scattered also over the interradial areas. 
The plates of center of disk are smaller than those of radial area, 
less regular, and a trifle lower. 
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The abactinal plates have short lobes, in form much like those of 
C’. japonicus. ‘They are very short, broad, rounded, or truncate, and 
often irregular or unsymmetrical in position, especially on the distal 
and lateral portions of the papular areas. The plates are wholly 
different in form from those of C. clarki, which have the lobes bent 
downward so that the center of plate is hollowed out. (See Fisher, 
1911d, pl. 59, figs. 6, 6a.) Papulae distributed over center of disk 
and very broad radial areas. 

Marginal plates small, as in (C. clarki, forming a thin rounded 
margin to disk. Superomarginals 18, longer than wide up to the 
ninth or tenth, then rather rapidly widening, the fifteenth, six- 
teenth, and seventeenth being the widest, and of these the sixteenth 
is slightly the largest and is the widest of all the superomarginals. 
While the other plates are closely granulate, these have a large cen- 
tral bare area (the thirteenth and fourteenth, a smaller) and appear 
swollen. This is very much as in (. clarkt, except that in smithi 
the distal superomarginals do not touch medially, while they do in 
clarki. Terminal plate broader than long, ovoid, almost globose 
with a semicircujiar terminal series of globose granules, and several 
tubercular spinelets beneath them. 

Inferomarginals very similar to supercmarginals, the distal 6 or 7 
with a central bare space increasing in size distad. The first 6 
are slightly longer than wide; thence the length gradually dimin- 
ishes until the distal plates are wider than long, but not wider than 
the proximal plates as in the case of the superomarginals. 

Actinal intermediate plates numerous, flat, 4-sided, not very 
regular, in 12 or 13 chevrons (each, except sometimes the first, with 
an odd interradial plate at the apex), the plates decreasing in size 
toward the margin and reaching to within 4 inferomarginals of 
the terminal plate. Granules coarse, well spaced, subspherical or 
in the case of the peripheral flattened on the outer side and ap- 
pressed to peripheral granules of neighboring plates. One inter- 
radius has a single spatulate pedicellaria. 

Adambulacral plates at first a little longer than wide, then a 
trifle wider than long. Furrow margin nearly straight. Furrow 
spines 5, sometimes 4, equal, about as long as width of plate, com- 
pressed or prismatic, truncate or round tipped often with a pit, 
notch, or groove at the tip, the latter rarely running down the 
outer (upper) side of spine. The spines vary in shape within the 
same series, being triangular or square or elliptical in section, with 
all the intermediate variations. Just back of the furrow series is 
a series of 3 coarser, usually four-sided spines, slightly shorter than 
furrow series and occupying the full length of plate. The tip is 
curiously etched out by grooves which may run part way or ali the 
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way down the outer face of the tubercle. Scarcely 2 are alike. 
The spines increase in thickness toward the outer part of furrow, 
sometimes flaring widely at the tip, and finally 1 increases greatly 
in size over the rest and becomes a stout conical or clavate tubercle 
without a trace of the curious wrinkling. The form of these sub- 
ambulacral spines is difficult to describe, as it varies. They have 
the appearance of being eaten very unevenly on the outer side by 
acid. The outer end of the plate is occupied by 4 to 10 prismatic, 
irregular granules in 1 series on the first few plates, 2 on the rest, 
or without serial arrangement. I find just 1 plate with a 2-jawed 
spatulate pedicellaria. 

Mouth plates with slightly curved furrow margin bearing 8 or 9 
spines variable in form, but similar to the adambulacral spines. 
They increase in size and become more compressed and broader 
toward the mouth angle; and the tip, which is usually blunt or 
truncate, is irregularly pitted and etched out, as described above. 
Parallel to this is a series of 5 or 6 suboral spines similar to, but 
larger than, the homologous subambulacral. Six to 12 coarse pris- 
matic granules occur on the outer part of the plate, mostly on the 
sutural and lateral margins. 

Madreporic body fairly large, with fine meandering striae, situ- 
ated one-third of r from the enlarged “ central” or apical plate. 

The anatomy could not be worked out beyond the most salient 
features. Gonads single, on either side of the interbrachial septum, 
situated about 6 mm. from marginal plates and 4 or 5 from the 
septum. Polian vesicle long, reaching nearly to marginal plates. 
No subambulacral ossicles or rudiments. 

Young.—A specimen from station 5348 with R 23 mm. and r 15 
mm. seems to belong to this species. It differs from the adult in 
much the same way that a small specimen of clarki differs from 
the large type. 

The most conspicuous difference of this young specimen (the 
gonads are very small) is to be found in the marginal plates. These 
are relatively heavier, and normal for the genus, and all of them 
have a dorsal bare spot which increases in size distad until it occu- 
pies nearly the entire surface of the plate. The proximal plates 
are a trifle wider than long, the width increasing gradually up to 
the eighth, the last 2 plates being smaller. At the same time the 
length of the plates gradually decreases so that these distal plates 
are more than twice as wide as long and agree with those of the 
adult in being larger than the proximal. The abactinal plates have 
the same character as in the adult but have only 4 or 5 central 
granules, decreasing to 2 or 3 on the smaller plates, and the 10 or 
12 marginal granules are slightly larger than the central. The 
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adambulacral spines lack the pits and furrows characteristic of 
the adult, but the number of the spines is the same. The tips are 
smoothly rounded or truncate. Oral spines 10. This specimen 
differs from the immature C. clarki (from station 4407, near Santa 
Catalina Island, California, 334 to 600 fathoms) in having lower 
tabula to the abactinal plates, relatively slightly larger crowns, a 
differently formed base (as in adults), smaller pedicellariae, wider 
superomarginal plates distally (in young clarki they are not wider 
than the proximal plates) ; shorter and heavier furrow spines, more 
crowded adambulacral aramature generally, and no pedicellariae, 
such as are frequently present in clark. 

Type.—Cat. No. 30551, U.S.N.M. 

Type-locality Station 5201, Sogod Bay, southern Leyte Island, 
554 fathoms, gray sand, mud, bottom temperature 52.8° I’.; 1 speci- 
men. 

Distribution —Palawan Passage to Leyte, Philippine Islands, 375 
to 554 fathoms, gray sand and mud. Temperature range 52.8° to 
54.4° F. 

Specimens examined—The type and a specimen from station 
5348, Palawan Passage (lat. 10° 57’ 45’’ N.; long. 118° 38’ 15” E.); 
375 fathoms, coral sand; bottom temperature, 56.4° F. 

Remarks.—The onty species of the Indian region with which this 
may be confused is Pentagonaster cuenoti Koehler from off southern 
India, 1,006 fathoms. The resemblance is not close, however, and 
it is probable that ewenoti belongs to a different section of the genus. 
Koehler does not state that the radial plates are tabulate, and they 
do not appear so in the figure. The plates are small, and each is 
covered by 5 to 7 small roundish granules without order. In the 
radial regions there are a large number of papular pores irregu- 
larly disposed. Likewise the marginal plates do not increase in 
size distad, and there are 7 furrow spines. In “ Pentagonaster” 
pulvinus Alcock the plates are close set, and no papulae were visible 
even after the granules were removed. Although Alcock states that 
the angular granules show a paxilliform arrangement, I am uncer- 
tain whether the plates are elevated. I suppose not, as he says the 
species is related to Pentagonasier mirabilis (which is P. placenta, 
probably referable to my Sphaeriodiscus). Pentagonaster (Philon- 
ister) mortensent Koehler seems to be closely related to Cera- 
master arcticus (Verrill) and differs from smithi in having much 
smaller, higher paxilliform plates with usually 1 or 2 central gran- 
ules and 6 or 8 peripheral ones very regularly arranged. This 
arrangement is found on the smaller plates near the margin, the 
size only changing. 

This species is named for Dr. Hugh M. Smith. 
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Genus NYMPHASTER Sladen. 


Nymphaster SLADEN, 1885, p. 612; 1889, p. 294. Type, NV. protentus Sladen, 
by designation, Fisher, 1917. 

Dorigona Perrier (not Gray), 1885, p. 39; 1894, p. 365—KornteEr, 1909, 
p. 54; 1910a, p. 60. 

Diagnosis —Goniasteridae with long rays, composed dorsally of 
the superomarginals only; with low, not markedly tabulate, granu- 
late, abactinal plates; actinal interradial areas large, granulate; 
adambulacral plates with the furrow margin strongly angular, at 
least on plates of distal half of ray, the angular furrow series sepa- 
rating consecutive pairs of tube feet; pedicellariae spatulate, en- 
trenched, or composed of more or less modified granules; no super- 
ambulacral ossicles; no internal supplementary abactinal ossicles; 
gonads in a single tuft on either side of the membranous interbrachiai 
septum. 

Remarks.—This genus differs from Fosaster and Mediaster in 
lacking internal abactinal ossicles connecting the plates of the papu- 
lar areas, and in having the gonads in a single tuft, not serially 
arranged. It differs further in the form of the adambulacral plates 
and armature. Jediaster has superambulacral ossicles, not found in 
Nymphaster. Nymphaster differs from Ceramaster in having single 
gonads on either side of each interbrachial septum, angular adambu- 
lacral plates, long rays, and in having low, not tabulate abactinal 
plates. 

In his diagnosis of the genus, Sladen did not mention any specific 
names, so that, under existing rules of nomenclature, the genus should 
date from the Challenger report of 1889. Here no type is indicated, 
and none has been designated. The following species are described: 
symbolicus, bipunctus, protentus, albidus, basilicus. In 1899 Verrill 
set aside symbolicus and bipunctus under the name WNereidaster. 
This group, which is more nearly related to Mediaster than to 
Nymphaster, falls within the genus Rosaster Perrier, 1894. The 
type of Vymphaster must be chosen from the three remaining species, 
and for this purpose Vymphaster protentus is best adapted. 

Koehler (1910a, p. 60) has proposed to limit the name Vymphaster 
“to the forms in which the superomarginals are separated by a series 
of abactinal plates and-to reserve the name of Dorigona for those in 
which the marginal plates are contiguous.” ‘This course is not pos- 
sible, because Verrill has already limited Vymphaster to the genus 
which Koehler, following Perrier, calls “ Dorigona.” ‘The genus 
which Koehler calls “WVymphaster” is that previously named 
Nereidaster (type N. symbolicus) by Verrill, which in turn is con- 
generic with the earlier Rosaster of Perrier (type Pentagonaster 
alexandri). 

15434—Bull. 100—19——_18 
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It is greatly to be regretted that Koehler has lent the weight of 
his authority to such an obvious misuse of a name as that of 
Dorigona. There is no possible excuse for the use of this name for 
Nymphaster. 

In assuming to call this genus Dorigona (Gray, 1866, p. 7) it is 
also necessary to assume that Gray’s genus included originally one 
or more true Vymphaster, which, as is well known, it did not. The 
type of the genus is Dorigona reevesii, the same species as Ogmas- 
ter capella von Martens (1865). Dorigona is therefore synony- 
mous with Ogmaster and its status in nomenclature is fixed for 
all time. It is true that Gray mentioned another species, Astro- 
gonium longimanum Mobius, but this is not congeneric with Dori- 
gona reevesii, and is given a distinctly secondary place by Gray. 
Sladen made it the type of his new genus /conaster, in 1889. It wil 
be noted that no true Vymphaster is mentioned, and, in fact, this 
group was not discovered until many years afterward, during the 
expeditions of the Challenger and the Blake. 

The following is a short history of the name in Perrier’s writings. 
In 1875 in the “ Revision,” p. 228, Dorigona is used as a subgenus 
exactly in the sense that Gray uses the name in his “ Synopsis” of 
1866, with the exception that Ogmaster capella is called Pentagon- 
aster milleri instead of Dorigona reevesii. Astrogonium longimanum 
is listed under the name Pentagonuster longimanus. In 1884 
Pentagonaster ternalis, P. subspinosus, and P. arenatus are described 
from the Blake collections, but no mention is made of Dorigona. 
But in the following year? the last, and a new species, prehensilis, 
are placed in the “Genus Dorigona Gray” without comment. 
In 1894, p. 365, we find Dorigona again used in the sense of 
Nymphaster. It is interesting to note that Perrier in the syn- 
onymy omits the original citation, his first reference being to the 
“Revision” of 1875. He then gives a generic description which 
obviously applies to Wymphaster and has nothing to do with the 
genus Dorigona of Gray, let alone the fact that none of Gray’s species 
are included. Perrier himself does not believe that Ogmaster 
capella is congeneric with Dorigona ternalis, yet by what reason- 
ing ternalis is placed in a genus of which Ogmaster capella is the 
type, it is beyond me to discover. His only apology is an observa- 
tion on page 367: 

The genus Dorigona, in the sense in which we have just limited it, corre- 
sponds to the genus Nymphaster of M. P. Sladen, who gave absolutely without 
necessity a new name to a generic division long since indicated and of which 
the limits demanded revision in relation to recently discovered genera. 


1 Note prelim. sur les échinod. dragués par le J'ravailleur et le Talisman, Ann. Sct. 
nat., 1885, p. 39. 
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The gist of this quotation is that Sladen did not adopt Perrier’s 
incorrect use of Dorigona. With such reasoning it is no great won- 
der that the nomenclature of the Asteroidea became tangled. 


KEY TO THE SPECIES OF NYMPHASTER HEREIN DESCRIBED, 


a. Marginal mouth spines (bordering on mouth of ambulacral furrow) 6 or 7, 
exceptionally 8 (if 8, then rays not conspicuously slender, but if meas- 
ured at proximal suture of the first pair of superomarginals which meet 
medially, equaling length of first 34 to 44 superomarginals measured on 
ambitus) ; some of the radial plates wider than leng; mouth plates small, 
and rays stout, the inferomarginals extending laterally beyond supero- 
marginals, 

b*. Mouth plates nearly or quite inclosed by the first pair of adambulacrals; 

numerous subambulacral spines; abactinal granules mucronate. 
mucronatus, p. 269. 
v?. Mouth plates not inciosed; subambulacral spines few or none (granules 
only) ; abactinal granules at best only incipiently mucronate, and these 

few in number. 

ec’. Five longitudinal series of abactinal radial plates with the distal as 
well as proximal plates obviously wider than long; no marginal or 
abactinal pedicellariae; inferomarginals and superomarginals wider, 
the latter on rays, the former on disk; width of ray as measured in 
a’, equaling first 4 or 5 superomarginals_____________ euryplax, p. 264. 
@. Radial plates not so obviously wider than long, the difference showing 
on the proximal plates of the radial areas rather than on the distal; 
numerous abactinal and a few marginal pedicellariae; superomar- 
ginals narrower on ray and inferomarginals narrower on disk; ray 
measured as in a’, equaling first 34 superomarginals__dyscritus, p. 266. 

a’. Marginal mouth spines 8 to 15 (if the lowest number, or exceptionally less, 
then rays also very slender throughout). 

b*. Abactinal radial plates conspicuously wider than long (much as in mucro- 


MALLS) EUAVSAVeCLY SCM G Clas aa eate 20 eae Fa ee rene Beet leptodomus, p. 272. 
v?. Abactinal radial plates roundish or hexagonal, not conspicuously broader 
than long. 


c. Second superomarginals meeting in median line across ray (4 supero- 
marginals in each interbrachium) ; inferomarginals of ray very nar- 
row and long, the length at middle of ray exceeding the height 
(or thickness) of lateral face of ray; rays slender and delicate; oral 
SWIMS San (MOTO Mah So VFN es Ae Ae Se ae atopus, p. 285. 

c. Fourth, fifth, and sixth superomarginals meeting in median line across 
ray (sometimes third in young specimens), and therefore 6 to 12 
superomarginals to each interbrachium) ; length of inferomarginats 
at middle of ray equal to or less than height of lateral face of ray. 

ad. Ray broader at base, measured as in a equaling first 44 superomar- 
ginals; superomarginals very broad, not tumid; oral spines, 10 to 
12; furrow spines 10; inferomarginal plates of interbrachia extend- 
ing laterally beyond superomarginals___________ moluccanus, p. 274. 

ad’. Ray narrower at base, measured as in a’, equaling first 3 to 4 supero- 
marginals; if approaching d’, then superomarginals tumid; in in- 
terbrachia superomarginal plates extending laterally beyond infero- 
marginals. 
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e’. Marginal plates individually tumid; no adambulacral pedicellariae ; 
mouth spines 9 or 10; furrow spines 9 to 11 at middle of 
Tye ee La) ea nn aN arthrocnemis, p. 277. 

e’. Marginal plates not individually tumid; adambulacral pedicellariae ; 
furrow spines at middle of ray more than 11. 

f'. Dorsolateral angle of ray about 90°, square cut; dorsal surface 
plane; marginai granulation closer; sixth and sometimes fifth 
superomarginal longer than width of its dorsal surface; 10 
inferomarginals corresponding to about 16 adambulacrals; 
DVO MUSOU CS ONO al lise so aes ee eee eee eee a meseres, p. 280. 

f*. Dorsolateral angle of ray more rounded, the dorsal surface being 
convex ; marginal granules more spaced; ninth or tenth supero- 
marginal longer than width of its dorsal surface; 10 infero- 
marginals corresponding to 18 or 14 adambulacrals; mouth 
SPINES LZ LO el! sae eee Ee PT Le er eee habrotatus, p. 282. 


NYMPHASTER EURYPLAX Fisher. 
Plate 63, fig. 3; plate 72, fig. 2; plate 92, figs. 6, 6a. 
Nymphaster euryplavz FisHEr, 1918a, p. 6384. 


Diagnosis.—General form, similar to that of V. diomedeae Ludwig 
and JV. ternalis (Perrier), but superomarginals with plane abactinal 
surface, not tumid; rays broad at base and actinal surface conspicu- 
ously wider than abactinal, the edges between the 4 faces of the ray 
being abruptly angular, disk arcuately pentagonal, gradually merg- 
ing into rays at corners; extreme width of ray, measured at proximal 
suture of the first pair of superomarginals which meet medially, 
equaling length of first 4 or 5 superomarginals, measured on ambitus; 
inferomarginals broad; rays not sunken along median radial line; 
inferomarginals broader than superomarginals on disk, but narrower 
on ray; radial and adradial abactinal plates broader than long, hex- 
agonal, elliptical, and lozenge-shape; adambulacral plates with very 
strong furrow angle and 9 or 10 furrow spines, the apices of the 
angles of opposite plates meeting in middle of furrow and segregat- 
ing consecutive pairs of tube feet beyond proximal fourth of furrow; 
mouth plates with 6 to 8 marginal spines; no pedicellariae except 
rarely on the first few adambulacral plates. R=slightly over 95 
mm. (ray broken), r=27 mm. R=a little over 4 r. 

Description—Abactinal area arcuately pentagonal in shape; peta- 
loid papular areas broad, the extreme width comprising about 10 to 
12 longitudinal series of plates; plates rather compactly placed, 
those of radial and 2 adradial series much wider than long, hexago- 
nal, lozenge-shaped or rather pointed ellipitical, the others of the 
papular areas roundish or subhexagonal, often slightly wider than 
long. A large radial plate has 5 to 12 central, low, subspherical 
uncrowded granules and upward of 20 squarish depressed periph- 
eral granules a trifie smaller. On the lateral parts of papular areas 
the central granules become more convex with a short incipient 
mucronate tip; interradial granules flat-topped. No pedicellariae. 
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Inferomarginal plates broad, wider than high, with an abrupt 
nearly right angle between the 2 facets of the plate; plates increas- 
ing in width up to the fifth, which at its distal end meets its fellow 
of the other side of ray in the median line; thence the plates de- 
crease in width. The abactinal surface of ray is nearly plane but in 
interbrachium the plates form a slight bevel. Width of dorsal 
surface equals length of the seventh or eighth to fifteenth, varying 
on different rays. Covering of plates consists of depressed, sub- 
circular, convex granules, sightly spaced, and similar in size to ad- 
jacent abactinal granules, but decreasing very gradually in size 
toward end of ray. 

Inferomarginals extending laterally beyond superomarginals ex- 
cept on attenuate terminal portion of ray, the sutural line between 
the 2 series being at the bottom of a shallow sulcus of which the lat- 
eral faces of the 2 series form the sides. Ventral face of plates broad 
in interbrachia—about 3 times height—but they rapidly become nar- 
rower, and at middle of ray the ventral facet changes from square 
to slightly longer than wide, 10 inferomarginals equaling 18 adam- 
bulacral plates; the plates are not conspicuously long as in some 
species. Granules small, depressed, hemispherical, except 2 or 3 
peripheral series which are acorn-shaped with a mucronate tip. In 
interbrachium in the angle between the 2 facets the granules are 
much enlarged, subtubercular, acorn-shaped, with a sharp tip. 

Actinal intermediate plates extend to fifth inferomarginal and are 
arranged in series parallel to furrow; each series with an odd inter- 
radial plate, and there are 5 of these plates between mouth plates 
and margin. Granules low, acorn-shaped, slightly spaced, nearly 
uniform in size. No pedicellariae. 

First 2 or 3 adambulacral plates with 5 or 6 furrow spines, blunt, 
nearly equal, slightly compressed, then the plates gradually attain 
first a convex then a strongly angular margin, and the furrow 
spines increase to 9 (less often 10), the 3 to 5 median, nearest apex 
of angle being more slightly built, compressed, with edge to furrow, 
the 2 to 3 at either end of series being stouter, sublanceolate, blunt, 
with flat side to furrow. Subambulacral granules 8 to 16, in 2 or 3 
series on outer part of ray, but not so regularly arranged, as a rule, 
proximally. The outer granules are subconical or acorn-shaped, but 
a Series of 2, 3 or even more back of the furrow spines are longer, 
slightly flattened, and rather tubercular in form. It seems to be 
from these spines that the extra furrow spines are recruited, the 
original furrow spines remaining at the center of series. A very few 
pedicellariae with 2 curved spiniform jaws are present at the base 
of the series and are not of regular occurrence. 
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Mouth plates small with short furrow margin. Marginal spines 
6 to 8, usually 7 or 6, and similar to adambulacral furrow spines, 
only a little heavier. Suboral spines about 10-12 in 2 series, along 
the 2 remaining edges of the triangular plates, and granuliform 
near the outer end of plate. The spines are graduated regularly in 
size away from the furrow margin. 

Madreporic body small, irregularly hexagonal, about one-fourth r 
from center. 

Type.—Cat. No. 80542, U.S.N.M. 

Type-locality—Station 5516, Mindanao Sea, off Point Tagolo, 
Mindanao, 175 fathoms, globigerina; 1 specimen. 

Remarks.—This species, which in form resembles V. diomedeae 
Ludwig from the Gulf of Panama region, differs in having more 
numerous adambulacral furrow spines, marginal plates which are 
not tumid, inferomarginals extending laterally beyond superomargi- 
nals, enlarged subambulacral granules, and a finer actinal granula- 
tion. The abactinal plates of the papular area seem to be broader 
and lower, and lack pedicellariae. WV. euryplax closely resembles J. 
Gelli (Koehler) from 250 fathoms off the Andaman Islands. It agrees 
in having the radial and adradial abactinal plates much broader than 
long, in having the ray broad at the base, with the fifth superomar- 
ginal conspicuously enlarged and in contact medially, and in the 
general absence of abactinal pedicellariae, but differs in having the 
inferomarginals extending laterally beyong the superomarginals, so 
that the actinal surface is wider than the abactinal. This character 
also separates V. euryplax from N. ludwigt Koehler and the species 
identified by Koehler (1909, p. 54) as NV. ternalis (Perrier), neither 
of which, in addition, have the wide abactinal plates. Further, ¥. 
euryplax differs from belli in having longer, stouter, rays; the 
2 or 3 series of abactinal plates parallel to the adradial are not so 
wide in proportion to length—are nearly round and have more 
numerous granules; the madreporic body is surrounded by 6 plates, 
not 4; the first row of suboral granules is enlarged into spines; the 
furrow spines are 9 or 10 at the middle of ray (Koehler gives 7 or 8 
for belli, but possibly he referred only to the proximal plates, where 
in euryplax there are at first 5 or 6, then 7 or 8, and finally a maxi- 
mum of 9 or 10). 





NYMPHASTER DYSCRITUS Fisher. 
Plate 62, fig. 2; plate 65, fig. 3; plate 92, figs. 5, 5a—b. 
Nymphaster dyscritus FisHer, 1913a, p. 635. 


Diagnosis —Differing from N. ewryplax in having less obviously 
widened abactinal radial plates, slightly narrower superomarginals, 
the sixth being as long as or longer than wide (eighth to sixteenth in 
euryplax) when viewed directly from above; numerous abactinal 
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pedicellariae, a few superomarginal, inferomarginal, and actinal in- 
termediate pedicellariae; narrower inferomarginal plates in the in- 
terbrachia; slightly coarser actinal intermediate granules. Rays at 
inner end of first pair of superomarginals which meet medially as 
wide as length of first 3.5 superomarginals measured on ambitus; 
interbrachia arcuate; dorsal surface of ray nearly plane with abrupt 
angles on the margin of disk and ray. R=probably nearly 4 r; 
r=23 mm.; breadth of ray at midinterbrachium, 26 mm. 

Description.—General appearance is much like that of V. moluc- 
canus, and also similar to Koehler’s ¥. ternalis from the Indian 
region. The proximal radial and 2 adradial series of marginal plates 
are wider than long, but the width gradually decreases, so that on the 
distal half of the papular areas the plates are only slightly wider 
than long. The granules are roundish, flat-topped, and the central 
are in 2 or 3 transverse rows proximally and 2 distally (in euryplax 
often in only 1 row distally). The largest radial plates have 8 to 11 
central granules and about 15 peripheral. The small 2-jawed pedicel- 
lariae have a broad base and a narrow spatulate extremity and are 
about 1.5 as high as width at base. Papular areas comprising 7 to 
9 longitudinal series of plates. 

Rays broken. Marginal plates with an abrupt angle at edge of 
ray. Superomarginals with fifth or sixth plates meeting medially, 
the interbrachial plates only a little wider than long, as seen from 
above, the sixth being as long as or a little longer than wide, the 
subsequent ones longer than wide. In interbrachium, height of plate 
about one-half the width. A well-marked sulcus all along side of 
ray. Granules small, circular, truncate, spaced, becoming hemis- 
vherical on the lateral face. A small, slender pedicellaria on most 
of the interbrachial plates has 2 compressed jaws, so that when seen 
from the side it is ovate. 

Inferomarginals narrower than in euryplax, slightly arched, the 
fourth as wide as long, as seen from below. Twenty or 21 adambula- 
crals corresponding to 10 inferomarginals (18 in ewryplax). Infero- 
marginals extending laterally beyond superomarginals, very slightly 
on ray, scarcely at all in midinterbrachium. The lateral angle, except 
far long ray, is less than a right angle. Pedicellariae similar to those 
of superomarginals, as are also the granules, these becoming coarser 
on the exposed angle of ray. Granules of actinal surface are hemis- 
pherical as on the lateral face. 

Actinal intermediate plates in 5 chevrons, with coarse spaced hemis- 
pherical granules, fewer and larger than in euryplax, and larger in 
center of plate, as in mucronatus. One or two slender pedicellariae 
present at base of ray. 

Adambulacral plates similar to those of euryplax, the apophysis 
appearing on the first plate, but not becoming conspicuous for 5 or 6 
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more plates. The first plate has 5 or 6 furrow spines, which in- 
crease to 10, the laterals being broader than the 2 or 8 mesial spines, 
which are compressed to an even thickness, but are slightly tapering 
and round-tipped when seen from the side, as indeed are the laterals. 
Subambulacral granules 10 to 14, in about three series, the inner 
slightly longer than the outer. The first few plates have a pedi- 
cellaria, with two or three coarse tapering, slightly curved, bluntly 
pointed spiniform jaws. 

Mouth plates small, with 7, rarely 8, marginal prismatic spines, 
and about 8 pointed tubercular prismatic or 4-sided oral spines in a 
single row on inner end of plate, becoming 2 rows of granules on 
outer end. 

Madreporic body pentagonal, surrounded by 5 plates, situated one- 
quarter r from center. 

Type.—Cat. No. 305438, U.S.N.M. 

Type-locality —Station 5536, between Negros and Siquijor Islands, 
Philippine Islands, 279 fathoms, green mud, bottom temperature 
53.5° F.; 1 specimen. 

Distribution—Mindanao Sea, between Negros, Siquijor, and Min- 
danao. 

Specimens examined.—The type and a young example from station 
5541, off Point Tagolo, northern Mindanao, 219 fathoms, fine sand, 
broken shells, bottom temperature 53.5° F. 

Remarks.—It is not possible with the material at my disposal to 
decide whether this is a distinct species or a variety of VV. euryplax. 
Although NV. euryplaw, N. mucronatus, and N. dyscritus appear 
different enough, yet each is represented by but a simple adult speci- 
men. The course taken seems best even if it is later established that 
they are 3 phases of one species. The characters used to discriminate 
them are the same that have been employed in separating other forms 
represented by several examples. The range of variation in Vym- 
phaster is not yet well understood. 

N. dyscritus differs from NV. ternalis Perrier in having less tumid 
marginal plates, smaller abactinal radial plates, a sharper, more 
abrupt angle to margin of ray, longer superomarginals in proportion 
to their width (on ray), and in having the marginal apophysis on all 
the adambulacral plates (although not conspicuous on the first half 
dozen). WV. dyscritus greatly resembles V. ternalis of Koehler (but 
not of Perrier) from the Indian region, and I shall not be surprised 
if they ultimately turn out to be races of the same species. Koehler’s 
species has more regularly hexagonal abactinal plates, 8 adambulacral] 
furrow spines (maximum?), more numerous adambulacral pedi- 
cellariae (easily a variable character), 8 or 9 mouth spines, and the 
apophysis commences between the third or fourth and fifteenth 
adambulacral plate, varying on different specimens. These differences 
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are not very great. WV. mucronatus differs in the form of its peculiar 
granules as well as in having wider plates, no abactinal or marginal 
pedicellariae, conspicuous subambulacral spines, smaller mouth plates 
inclosed by the first adambulacrals, and more flaring sides to the 
rays. NV. leptodomus has conspicuously narrower rays, less massive 
marginals, and a generally more delicate habit. NW. moluccanus 
differs in having more symmetrical hexagonal abactinal radial plates, 
wider superomarginals, no abactinal or marginal pedicellariae, 10 or 
12 mouth spines, more numerous and compact subambulacral granules, 
and more uniform actinal intermediate granules. 

Nymphaster gardineri (Bell)? from Saya de Malha Bank, western 
Indian Ocean, 125 fathoms, is perhaps related to this species. [ 
have examined the type in the British Museum, but, of course, was 
unable to compare it directly with dyscritus. It resembles dyscritus 
in general form and, like it, has few mouth spines (only 5 or 6 in 
the marginal series), but differs in having the superomarginals of 
disk and ray up to the seventh or eighth beveled in such a way that 
they slope off from the median line of the proximal part of ray, as 
in habrotatus. The dorsal edge of disk and ray is rounded, but 
beyond the eighth superomarginal the ray becomes squarish in section. 
Furrow spines 8 (6 on proximal plates) the apophysis of the plate 
not well marked until the ray proper commences. On the surface 
of the adambulacrals are 4 spines slightly shorter than the furrow 
spines, and external to these, about 2 rows of granules with 3 in 
each row, or an ellipse of 6. The inferomarginals are wider than 
long up to the seventh (or sixth), then a plate is square (seventh or 
eighth), beyond which the actinal face of the plates is much longer 
than wide. In 10 inferomarginals, beginning with the sixth, there 
are 16 to 18 adambulacral plates. No well-marked subambulacral 
spine on outer part of ray. The median row of paxillae “ trans- 
versely ” hexagonal, the granules being smooth and even. The sixth 
superomarginal meets its fellow across ray, while the fifth is the 
widest. : 

XV. gardineri falls under a of the key, but does not have the broad- 
ened radial plates of ewryplax nor the mucronate granules of mucron- 
atus. 

NYMPHASTER MUCRONATUS Fisher. 


Plate 63, figs. 1, 2; plate 68, fig. 5; plate 69, fig. 6; plate 92, figs. 1, la. 
Nymphaster mucronatus FisHer, 19184, p. 636. 


Diagnosis —Very similar to V. ewryplaxw in general form and in 
having the radial plates wider than long, but differing in having 


much less compact radial plates with fewer and mucronate granules; 


1 ITconaster gardineri Bell, Trans. Linn. Soc. Lond., 1909-10, vol. 18, Zool., p. 22. 
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larger madreporic body; narrower inferomarginals; coarser, and 
more tuberculate, sometimes mucronate, unequal, actinal intermediate 
granules; smaller mouth plates, with the first adambulacrals nearly 
or quite meeting behind them; many of the subambulacral spines of 
conspicuous size, and graduated into the tubercular granules of the 
actinal intermediate plates. Rays broad at base, the width at inner 
end of the first 2 superomarginals which meet medially equaling 
first 4 superomarginals measured on ambitus; interbrachia arcuate; 
inferomarginals defining contour of ray; dorsal surface of ray 
nearly plane; normal marginal plates not tumid, though inferomar- 
ginals with slightly arched ventral surface; adambulacral furrow 
spines 4 or 5 on first few plates, these gradually increasing to 9 or 10; 
oral spines 6 or 7. R=101 mm., r=30 mm., R=3.4 r; breadth of 
ray at midinterbrachium, 34 mm. 

Description—Abactinal plates small, the radial being elliptical 
and much wider than long; the median radial plates with 1 or some- 
times 2 transverse rows of subglobular granules (4 to 8 in number), 
surrounded by a not very regular peripheral series of about 15 to 18. 
Most of the granules of these as well as of other abactinal plates 
have a peculiar form; it is subglobular with often 4 or 5 faces, 
sightly broader at tip than base, and from the middle arises a 
slender, sharp spine or mucro, often half as long as the granule, or 
rarely longer. Many granules do not have the mucronate tip, while 
in others there is a slight indication of it. Some of the radial gran- 
ules of WV. euryplaw have a rudimentary mucronate tip, and the 
plates are larger and more compactly placed. Papular areas broad, 
comprising about 13 longitudinal series, the interradial areas, cor- 
respondingly small and with about 5 chevrons of 4-sided plates. 
Abactinal area within the marginal plates stellato-pentagonal. No 
abactinal pedicellariae. 

Superomarginals 29, massive, the lateral face visible from above, 
and the rounded angle between the 2 facets of the plate more than 
a right angle. The plates encroach conspicuously upon the abactinal 
area and are slightly beveled in the interbrachia. Fifth or sixth 
plates the largest and meeting medially; sometimes a fifth meets a 
sixth of the other side. Length of twenty-second plate equal to 
chord of width, all the others wider than long; length of seventh 
plate equal to width of abactinal surface; the fifth and sixth are 
wider than long and the first to fourth vary from a little wider than 
long to a little narrower, with regard to the dorsal surface. Granules 
shghtly spaced (more so on arm than disk) similar to abactinal inter- 
radial granules, but the mucronate tip present only on lateral face 
of ray where the granules resemble miniature acorns. No marginal 
pedicellariae. Terminal plate ovoid, about as wide as long. 
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Inferomarginals extending laterally beyond superomarginals more 
than in euryplawx, but the plates narrower actinally, the fourth being 
longer than wide as seen from below (eighth or ninth in euryplaz), 
10 plates near middle of ray corresponding to 16 adambulacrals 
(about 18 in euryplav). Granules slightly coarser than in ewryplaa, 
acorn-shaped, with short mucronate tips, and not conspicuously en- 
larged on ambitus as in euryplax. 

Actinal interradial areas large; plates in 5 chevrons, rather ir- 
regular, covered with acorn-shaped, pointed granules conspicuously 
larger in middle of plate than on margins, and increasing in size 
from marginal plates toward furrow; a few are submucronate. In 
euryplax the granules are smaller, uniform in size, and less tubercu- 
lar. 

Adambulacrals with a slight angle on the third plate which in- 
creases gradually on each succeeding plate, becoming fairly promi- 
nent on the ninth or tenth, but not meeting across the furrow until 
the middle of ray. This is due, of course, partly to the furrow being 
more open than in some other species; the plates are not less promi- 
nent than in ewryplax. First few plates with 4 or 5 prismatic or 
4-sided spines, these gradually increasing to 9 or 10, ihe median 
being compressed, broad, and bladelike with the edge of furrow, 
the laterals round-tipped with flat side to furrow. Proximally the 
median spines are larger than the laterals, but far along the ray they 
decrease in size and the distal spines are conspicuously stouter and 
wider, though not longer. Plates are at first wider than long, then 
for a considerable distance about as long as wide, then longer than 
wide. Subambulacral spines and granules at first 7 or 8 increasing 
to 15 or 18, arranged in at first 3, then 3 or 4, and finally 8 series, 
although often a serial arrangement is hard to make out. At the 
base of the furrow most of the subambulacrals are thick tubercular 
spines of several lengths, and tubercular granules here and there at 
outer end of plate. Farther along, the inner row, and the median 
members of the second, are enlarged into stout spines, nearly or 
quite as long as the furrow spines, while the others grade off into 
the tubercular granules of the actinal area; far along ray only the 
row nearest furrow margin is enlarged, while the outermost granules 
are slightly mucronate. No adambulacral pedicellariae. 

Mouth plates unusually small and narrow, the 2 first adambulacrals 
nearly or quite meeting at their outer ends, behind the mouth plates. 
Furrow spines 6 or 7, stout, prismatic. Suboral spines about 8, thick, 
blunt, in a single irregular series. 

Madreporic body large, about twice as broad as the widest radial 
plate; 6 plates are immediately adjacent, while 2 others encroach 
upon it. 

Type.—Cat. No. 30544, U.S.N.M. 
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Type-locality.—Station 5116, mouth of Balayan Bay, Luzon (off 
Verde Island Passage, north coast of Mindoro), 200 fathoms, bottom 
temperature, 50.2° F. 

Remarks.—Although this species resembles V. euryplax in many 
ways, it presents numerous points of difference which have already 
been mentioned in the diagnosis and description. The most con- 
spicuous of these are the smaller and much less compact abactinal 
plates with their mucronate granules, the narrower inferomarginals, 
coarser and unequal actinal intermediate granules, the very small 
mouth plates, and the enlarged subambulacral spines. 

NV. mucronatus differs from J. belli, to which the form of the radial 
plates would ally it, in having mucronate granules, larger madreporic 
body surrounded by 6 plates, inferomarginals extending laterally 
beyond superomarginals, larger, unequal acorn-shaped, often incipi- 
ently mucronate, actinal intermediate granules, smaller mouth plates, 
and numerous stout subambulacral spines. 


NYMPHASTER LEPTODOMUS Fisher. 


Plate 66, fig. 1; plate 67, fig. 1; plate 68, fig. 3; plate 69, fig. 3; plate 92, 
figs. 2, 2a-b. 


Nymphaster leptodomus FISHER, 1918a, p. 637. 


Diagnosis—In the form of the abactinal plates resembling .V. 
mucronatus, but differing in having longer, slenderer rays, narrower 
superomarginals, inferomarginals extending little or not at all be- 
yond superomarginals, subspherical, depressed, sometimes truncate 
abactinal granules, abactinal, spatulate pedicellariae, larger mouth 
plates, 8 to 10 oral spines, adambulacral pedicellariae, and no con- 
spicuously enlarged subambulacral spines. Ray very slender, vary- 
ing from plane to convex above, the width at inner end of the first 
pair of superomarginals which meet medially equal to length of first 
3 superomarginals measured along side; adambulacral furrow spines 
proximally 6, distally 10 or 11. R=70 mm., r=17.5 mm., R=4 r; 
breadth of ray at midinterbrachium, 20 mm. 

Description—Abactinal area arcuate-pentagonal to stellato-pentag- 
onal. Radial plates broader than long, at least for the 5 median 
rows, the midradial the broadest, elliptical to broadly hexagonal or 
lozenge-shaped, with a variable number (usually small, 2 to 6) of 
spaced central granules in 1 or (proximally) 2 transverse rows, and 
15 to 18 slightly smaller peripheral granules. These granules are 
variable in form, convex, or truncate, roundish. Many of the radial 
plates have a narrow spatulate 2-jawed pedicellaria, the jaws, when 
open, reaching nearly across the plate. Papular areas broad, peta- 
loid, comprising 9 to 11 longitudinal series of plates. Interradial 
areas small, with small four-sided or five-sided not very regular 
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plates with small spaced granules. Viewed from the inner or coelomic 
side the abactinal plates form very regular longitudinal series, those 
of the median radial being conspicuously the largest. Most of the 
plates are provided with short lobes, but they are of irregular occur- 
rence. On many of the median radial plates there are 6 short lobes. 

Superomarginal plates narrow abactinally, the sixth meeting its 
fellow in the median line of ray. Interbrachial plates forming a 
slight to decided, narrow, bevel; fifth and sixth the largest of series; 
dorsal surface of first 4 plates about as wide or slightly narrower 
than long; fifth and sixth slightly wider than long, and then the 
width gradually decreases, the plates from the eighth being longer 
than wide. Edge of ray an abrupt, rounded, right angle, the height 
of plates being a little more than half the width (and on ray rela- 
tively lower than in mucronatus). Granules slightly spaced, sub- 
spherical, becoming low conical on the lateral face of plate. Ter- 
minal plate small, ovoid, about as wide as long, pointed proximally, 
and rounded distally. 

Inferomarginals narrow, the second, viewed from below, as wide 
as long, and the succeeding ones increasingly longer than wide. On 
the outer half of ray the plates are extremely narrow actinally, the 
surface being rather evenly rounded between the inner and outer 
edge of the plate. Ninth to nineteenth inferomarginals (10 nearest 
middle of ray) corresponding to 14 adambulacrals. Granules coarser 
on actinal than on lateral face, subspherical to depressed acorn shape. 
In the interbrachia of the type-specimen some of the lateral granules 
are submucronate. 

Actinal intermediate plates in 4 chevrons, with an odd plate in 
the interradius. Granules fairly coarse, spaced, the central slightly 
the largest, and in form depressed conical or acorn-shaped. <A 
variety has smaller more spaced granules. 

Apophysis or projecting angle appearing on the first or the second 
adambulacral and becoming prominent on the fifth or sixth. First 
and second plates with 6 furrow spines, which increase on the ray 
to 10 or 11, the lateral members being often granuliform, the others 
of the usual shape, the median compressed with edge to furrow, and 
the distal 3 or 4 with flat side thereto. Subambulacral granules, 
acorn-shaped, 6 to 12 in 2 or 3 series proximally, and 2 distally, 1 or 2 
granules in the inner angle being slightly enlarged. Many of the 
plates as far as middle of ray have a rather conspicuous pedicellaria 
with 2 or 3 incurved jaws situated on the inner part of the plate. 

Mouth plates with 8 to 10 marginal and about the same number 
of suboral spines, the former compressed, the latter more conical, 
and graduated in length to conical granules on the outer end of 
plate. The plates seem to be larger than in mucronatus, but as the 
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specimens of leptodomus are all smaller the difference may not be 
reliable. The first adambulacrals do not touch behind the mouth 
plates. 

Madreporic body variable but fairly to decidedly large, sur~ 
rounded by 6, 7, or 8 plates and situated about one-third the dis- 
tance from center to ambitus. 

I have examined this species for rudimentary superambulacral 
plates, but can find none. Gonads in 1 tuft on either side of the 
membranous interradial septum. 

Variations—One of the specimens from the type-locality differs 
from the others in having a larger madreporic body, more convex 
rays dorsally, but as the details of structure fit this species well I 
have considered it an extreme variant. 

Type.—Cat. No. 80545, U.S.N.M. 

Type-locality.—Station 5216, between Burias and Luzon, 215 fath- 
oms, green mud, bottom temparture 63.1° F.; 5 specimens. 

Distribution—Known only from region between Burias and 
Luzon. 

Specimens examined.—In addition to the type, 6 from station 
5388, between Burias and Luzon, 226 fathoms, soft green mud, bot- 
tom temperature 51.4° F. 

Remarks.—N. leptodomus strongly suggests N. mucronatus on 
account of the form of the abactinal radial plates, but the rays are 
much narrower. The characteristic mucronate granules are absent 
from the abactinal plates, there are numerous abactinal pedicellariae, 
and the characteristic subambulacral spines of mucronatus are ab- 
sent. From J. belli, leptodomus differs in having longer, narrower 
rays; numerous abactinal and adambulacral pedicellariae; narrower 
superomarginal plates; larger madreporite, surrounded by more than 
5 plates (4 in bellz) ; a maximum of 10 or 11 furrow spines. 


NYMPHASTER MOLUCCANUS Fisher. 
Plate 64, fig. 3; plate 65, fig. 2; plate 68, fig. 7; plate 92, figs. 3, 3a—b. 
Nymphaster moluccanus FISHER, 19138a, p. 637. 


Diagnosis —Similar in general form to V. euryplax, but radial 
paxillae smaller, hexagonal, and not conspicuously widened; peta- 
loid papular areas narrower and oral spines 10 to 12; marginal plates 
rather broad; ray broad at base, the width at inner end of the first 
pair of superomarginals which meet medially equaling length of first 
41 superomarginals measured on ambitus; adambulacral plates with 
strong furrow angle; minimum number of furrow spines at base of 
ray 8 or 7; maximum number 10 (rarely 11). R=86 mm., r=21.5 
mm.; breadth of ray at midinterbrachium, 26 mm. 

Description—Abactinal area arcuately pentagonal, as in most 
species; the petaloid papular areas narrower than in ewryplax, com- 
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prising 7 to 9 longitudinal series of plates, the plates themselves 
being smaller; triangular interradial areas large, the base comprising 
the 6 median interbrachial superomarginals (about 4 in euryplaz) ; 
plates of papular areas smaller than in ewryplax, hexagonal, a few 
of the proximal median radials being slightly wider than long and 
some of the laterals roundish. Proximal median radial plates with 
8 to 10 circular depressed central granules (in 8 transverse series) 
and 15 or 16 slightly smaller peripheral ones. A specimen from sta- 
tion 5625 has 2 to 5 central and 10 to 12 peripheral on the largest 
radial plates. Plates low, the top of the granule being about 1.5 
times its width above the integument. Interradial plates in regular 
chevrons pointing to center. No abactinal pedicellariae. 

Superomarginal plates broad, very faintly convex, and with an 
abrupt rounded angle at ambitus. They form a slightly raised 
border to disk, and one which is a trifle beveled; fifth superomar- 
ginals the largest, meeting medially, the dimensions being shown by’ 
the figures. Granules, depressed hemispherical, slightly larger than 
on neighboring abactinal plates, slightly spaced, with a regular 
beadlike marginal series. Superomarginals 28 in cotype. Terminal 
plate longer than wide, the distal end broad and subtruncate, the 
inner half of plate tapering to a blunt point. 

Inferomarginals projecting slightly beyond superomarginals in 
interbrachia and on base of rays, and encroaching inward toward 
center of disk, interradially about as much as superomarginals. 
Fourth plate slightly longer than width of ventral face. The length 
remaining the same to about the middle of ray, but the width rapidly 
diminishing. In euryplawx, in which the inferomarginals are larger, 
the length does not exceed the width of the ventral facet until the 
seventh or eighth plate is reached. The 10 plates nearest middle of 
ray correspond to 18 or 19 adambulacrals. A shallow sulcus along 
the side of ray and disk, not so well marked as in euryplaw. Gran- 
ules are hemispherical, similar to those of actinal interradial areas; 
not tuberculate on ambitus, as in euryplax. No marginal pedi- 
cellariae. 

Actinal intermediate plates extending io fifth inferomarginal, 
there being 4 or 5 chevrons in each interradial area, with an odd 
interradial plate at the point of each chevron. Granules hemi- 
spherical, slightly spaced or touching, and increasing slightly in size 
toward furrow. One or 2 small 2-jawed pedicellariae are present in 
3 interradii. 

First 7 or 8 adambulacrals of type with 8 (rarely 7) regular, short, 
blunt, 4-sided, slightly tapering furrow spines, which increase to 10 
(rarely 11) on the ray. In the cotype the maximum number is 13 
or 14, Angle on margin of plate first shows at fourth or fifth plate 
and rapidly increases in prominence, the adoral facet of the apophy- 
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sis being about two-thirds the length of the aboral, which is slightly 
hollowed out. The tube feet may be separated by the spines, as near 
the mouth as the sixth or seventh plates, according to the width of 
furrow and position of spines. On plates with a prominent angle 
the median spines are the longest and slenderest, being compressed, 
slightly tapering and blunt, while the lateral spines are shorter, 
stouter, and blunter and have their broad side to furrow. Subambu- 
lacral granules 15 to 25 in 8, sometimes 4, irregular rows; outer 
granules hemispherical, becoming somewhat 4-sided or prismatic 
toward the furrow, and in the disk the innermost series is enlarged 
into short tubercular subprismatic spines, which decrease in length 
as the base of ray is approached; on the ray there are only granules. 
On the disk a few plates have a small pedicellaria with 3 slender 
curved jaws in the inner series of subambulacral spines opposite the 
furrow angle. 

* Mouth plates with 11 or 12 furrow spines (as few as 10) and 2 
series of about 15 suboral spines and granules. The furrow margin, at 
the end of the plate, is hollowed out for the first tube foot, so that the 
marginal series of spines is not straight but in a compound curve. 
Near the inner end of the combined plates the suborals form a double 
series of 4 to 6 spines, each series diverging and running parallel to 
the furrow margin, the outer half of plate beimg occupied by 
granules. 

Madreporic body rather small, surrounded by 6 or 5 plates and 
situated one-third the distance from center to inner edge of marginal 
plates. 

Type.—Cat. No. 30546, U.S.N.M. 

Ty pe-locality.—_ Station 5622, between Gillolo and Makyan Islands, 
Molucea Islands, 275 fathoms, gray mud; 1 specimen. 

Distribution.—Molucca Islands, 230 to 275 fathoms. 

Specimens examined.—The type and a specimen from station 5625; 
between Gillolo and Kayoa Islands, 230 fathoms gray mud, fine sand. 

Remarks.—This species differs from V. dudwigi (Koehler) in hav- 
ing broader rays at the base which taper more abruptly; more 
numerous marginals in each interbrachium; wider adambulacrals 
with 8 or 4 rows of granules instead of 2; much more prominent 
apophyses proximally on the adambulacral plates; a few adambu- 
lacral and actinal intermediate but no marginal nor abactinal pedi- 
cellariae; madreporic body surrounded by 5 or 6 plates instead of 4. 
The marginals of V. ternalis Perrier are conspicuously tumid and the 
oral spines only 9. Perrier states that the apophysis starts at the 
twenty-fourth adambulacral plate, while mm moluccanus the angle is 
well marked on the fifth plate and is apparent even before that. 
However, a specimen’from the United States National Museum, taken 
at station 2398, referred to V. ternalis, has the apophysis (“ sadlie 
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verticale”) apparent on the third plate. This specimen has nar- 
rower rays than moluccanus, larger radial plates, with more numer- 
ous granules. It is probably not true ¢ernalis. Among the species 
figured by Perrier (1894) moluccanus most nearly resembles in gen- 
eral appearance JV. arenatus, but the marginals are not so wide in 
proportion to length, there being fewer in each interbrachium than 
in arenatus; oral spines more numerous (9 in arenatus); furrow 
spines more numerous (7 in arenatus) ; subambulacral granules much 
more numerous. The form of the radial plates will separate moluc- 
canus from belli. 
NYMPHASTER ARTHROCNEMIS Fisher. 


Plate 64, fig. 1; plate 65, fig. 4; plate 68, fig. 1; plate 69, fig. 1; plate 92, 
figs. 9, 9a—b. 


Nymphaster arthrocnemis F1sHER, 191384, p. 638. 


Diagnosis—In the form of the marginal plates resembling J. ter- 
nalis+ (Perrier) but with smaller disk, longer rays, smaller radial 
abactinal plates, smaller papular areas; furrow angle of adambula- 
crals beginning with the third or fourth instead of the twenty-fourth 
plate; no adambulacral and marginal pedicellariae. Marginal 
plates tumid, the median line of ray depressed below the lateral angle 
of superomarginals; ray rather slender from the base, the width at 
inner end of first pair of superomarginals which meet medially 
equaling length of first 4 superomarginals (or a trifle less) ; radial 
plates hexagonal; mouth plates with 9 marginal spines and adam- 
bulacrals with at first 7 furrow spines and at middle of ray 9 to 11, 
usually 10; actinal granulation coarse; no pedicellariae except on 
abactinal plates. R=85-++-mm., r=21 mm., R=over 4 r (small por- 
tion of tip of ray broken); breadth of ray at midinterbrachium, 
24 mm. 

Description—Abactinal area, inside the marginal plates, nearly 
pentagonal and slightly produced at corners. Abactinal plates very 
regularly arranged, the papular areas comprising 6 or 7 rows of 
roundish hexagonal plates and the triangular interradial areas about 
7 chevrons of squarish or polygonal ones; or parallel with the me- 
dian radial series are on either side about 9 series, of which usually 
3 belong to the papular area; basal or interradial plates conspicuous, 
slightly larger than madreporic body, and containing about 36 gran- 
ules. The larger median radial plates have 10 to 12 central and 
about 12 to 15 peripheral, subcircular (sometimes subpolygonal), flat- 
topped or slightly convex granules. The adradial plates have com- 
monly 5 to 10 central granules. These granules are not crowded, 
and a slight space occurs between the central group and the pe- 
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ripheral series. The interradial are involved in a thin membrane. 
The entire granulation of this species is coarser than in ewryplaxv and 
moluccanus. A few plates of the papular areas have a small pedicel- 
laria with 2 broadly spatulate, almost truncate jaws. 

Superomarginals 83-++, tumid, with an oblique abactinal surface 
on disk, and a low lateral face; but beyond the fifth, which meets its 
fellow medially, the dorsal surface slopes inward toward the suture 
between the 2 opposite series and the lateral face is about half as 
high as width of abactinal. The angle between the 2 facets is less 
than a right angle, and the edge is slightly tumid and evenly rounded. 
Also on the side of the ray the suture between the 2 series is in the 
bottom of a broad trough, the sloping sides of which are formed by 
the lateral facets of the 2 series. The superomarginals on disk 
extend laterally slightly beyond inferomarginals, and the dorsal sur- 
face of the plates is wider than long up to the ninth plate, on which 
the 2 dimensions are nearly equal; thence the width decreases faster 
than the length. Granulation coarse, spaced, and similar to that of 
abactinal plates, increasing slightly in size on the outer exposed 
edge of the ray. Ona single plate, close to the abactinal plates, is a 
small pedicellaria, but these are not a regular occurrence on the 
superomarginals. The fourth and fifth plates are the largest. 

Inferomarginals lower and narrower than superomarginals, and 
tumid, the first three being slightly wider than long, the fourth about 
as long as the width of actinal surface and from here on the width 
narrows rapidly. (In XV. ¢ernalis the eleventh plate is longer than 
wide, in arthrocnemis it is the seventh if the chord of the extreme 
width is taken and the fifth if the width of the actinal face is con- 
sidered.) The 10 inferomarginals nearest middle of ray correspond 
to about 14 adambulacrals (18 or 19 in moluccanus). Granules 
similar to those of superomarginals, but a trifle larger on ventral 
surface. All the marginal sutures are deeper and wider than usual 
in this genus and probably act as fascioles. 

Actinal intermediate plates slightly convex, in 4 chevrons and 
with three plates interradially next to margin, representing the 
fifth chevron. The plates of the first chevron reach to the fourth 
inferomarginal. The plates are covered with coarse spaced hemi- 
spherical granules less depressed than the marginal. Sutures between 
the plates distinct and deep. 

First adambulacral with a nearly straight furrow comb of 6 
slightly flattened four-sided spines tapering to a chisellike edge; 
second and third with a curved series; on the fourth plate an angle 
appears near the adoral margin which gradually increases in promi- 
nence up to the twelfth or fifteenth, and remains prominent to the 
end of ray. The spines increase to 9 or 10, the 3 or 4 on the apex 
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of angle being the slenderest, somewhat prismatic and compressed. 
On the adoral end of the series are usually 2 flattened, round-tipped 
spines, the side to furrow, and on the aboral end 3 or 4 similar 
but larger ones. The aboral facet of the angle is hollowed out to 
accommodate the tube foot. Proximally the plates bear 2 or 3 
series of tubercular granules (7 to 9 in number) ; farther along ray 
where the angle is prominent there are about 15 in three irregular 
series parallel to margin. On the outer attenuate part of ray a 
granule spaced from the rest and sometimes slightly enlarged is 
found just back of the apex of the angle. No pedicellariae. Sutures 
between the plates unusually deep. 

Mouth plates with a straight furrow series of 9 or 10 spines like 
the adambulacrals except that the inner three become gradually en- 
larged and more compressed. Suboral granules 8 or 9, following 
the other margins of each plate, the inner 2 or 3 of the series adjacent 
to median suture being enlarged into short, stout. wedge-shaped spines. 

It is noticeable that the ventral plates have more distinct spaces or 
sutures between them than have those of either euryplax or moluc- 
canus. 

Madreporic body subpentagonal, surrounded by 4 large plates, of 
which the largest, on the adcentral side, is the primary basal. The 
madreporite is a trifle smaller than the primary basals of the other 
4 interradii, and is situated about one-third the distance between 
center and inner edge of superomarginals. 

Young.—Two small specimens doubtfully referable to this species 
have less tumid marginals, broader rays, with the median abactinal 
depression less pronounced than in the adult. Oral spines 9; furrow 
spines at first 5 increasing to 9. 

Type.—Cat. No. 30547, U.S.N.M. 

Type-locality—Station 5648, Buton Strait, Celebes (lat. 5° 35’ S.; 
long. 122° 20’ E.), 559 fathoms, bottom temperature 39.2° F.; 1 speci- 
men. 

Distribution —Celebes. 

Specimens examined.—Three; the type and 2 young specimens 
doubtfully referred to this species from station 5651, Gulf of Boni, 
Celebes, 700 fathoms, green mud, bottom temperature 38.7° F. 

Remarks.—This species differs from NV. euryplax in having nar- 
rower rays, tumid marginals, narrower and longer inferomarginals, 
radial abactinal plates which are not conspicuously wider than long, 
and 9 or 10 oral spines. In arthrocnemis the plates are more distinct, 
the granulation coarser, the primary basal plates larger, the madre- 
poric body surrounded by 4 (not 6) plates, and the dorsal surface of 
ray is marked by a shallow sulcus, of which the dorsal facets of the 
superomarginals form the sides. From NV. moluccanus, arthroenemis 


280 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 


differs in having proximally narrower rays, differently formed su- 
peromarginals, which on disk extend laterally beyond the infero- 
marginals (not the reverse), in having coarser granules, larger 
primary basal plates, shorter furrow spines, especially the middle 
members, and fewer oral spines, the series of which is not incurved. 
The inferomarginal plates are narrower and more bandlike, on the 
ray and the superomarginals are much more numerous. Nymphaster 
nora Alcock has still longer rays (R=6.3 r) very narrow infero- 
marginals in the interbrachia, 12 furrow spines and 3 plates sur- 
rounding the madreporite. In the form of the marginal plates 
arthrocnemis closely resembles nora. 


NYMPHASTER MESERES Fisher. 


Plate 66, fig. 2; plate 67, fig. 2; plate 68, fig. 2; plate 69, fig. 2; plate 92, 
figs. 4, 4a. 


Nymphaster meseres F1sHER, 19184, p. 639. 


Diagnosis ——Similar in proportions and general form to WV. arthro- 
cenemis but marginal plates not tumid (although ray is sharply 
4-angled) and dorsal surface is subplane; sixth and sometimes fifth 
superomarginal longer than width of dorsal surface (tenth in 
arthrocnemis) ; third inferomarginal longer than width of its actinal 
surface; superomarginal and inferomarginal 2-jawed slender pedicel- 
lariae regularly present. Width of ray at proximal end of first pair 
of superomarginals which meet medially equaling first 3.5 to 3.66 
superomarginais measured along ambitus; radial abactinal plates 
hexagonal to roundish; oral spines 9 to 11; furrow spines increasing 
from 5 or 6 to 10, 11, and 12 far along ray. R=about 60 mm., r=17 
mm., R=3.6 r--; breadth of ray at midinterbrachium, 19 mm. 

Description.—The abactinal plates are similar to those of arthro- 
enemis, but the primary apicals are smaller, being subequal to the 
largest radial paxillae, which have 8 or 10 central and 12 to 15 periph- 
eral granules. The papular areas seem to be relatively a little wider 
in meseres, although the specimen is much smaller; 7 longitudinal 
rows are included in the papular areas, with a few plates of 2 addi- 
tional rows on some radii. 

One of the main differences is in the shape of the superomarginal 
plates which are like rectangular blocks with plane (not tumid) 
facets. The sutural line along side of ray is a trifle sunken, as also 
that of the midradial line on outer part of ray. The plates are 
sharply oblique in the midinterbrachia and the width decreases more 
rapidly over the length than in arthrocnemis, as indicated in diag- 
nosis. Granules depressed hemispherical, rather coarse, and touch- 
ing one another, not spaced as in habrotatus and atopus. Marginal 
pedicellariae few, slender, in the interbrachia. Terminal plate (of 
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cotype) longer than wide, broadly lanceolate, the pointed end prox- 
imal. Superomarginal plates 26+, a small portion of ray being 
missing. 

Inferomarginals longer than width of actinal surface (except 
first 1 or 2), and very narrow distally; 10 plates near middle of ray 
corresponding to about 16 adambulacrals; granules ahd pedicellariae 
as on superomarginals. 

Actinal interradial areas with 5 chevrons of plates which are a 
trifle swollen as in arthrocnemis; granules coarse, slightly spaced, 
larger in center than on periphery (not so in arthrocnemis where 
they are nearly uniform). 

Adambulacral plates with 5 or 6 spines on the first furrow margin, 
increasing to 11, or even 12; a slight angle appearing on the second 
or third plate but not becoming at all prominent until the eighth. 
Subambulacral granules 15 to 18 in 3 irregular series. A very few 
of the proximal plates with a 2- or 3-jawed pedicellaria near the 
inner adoral corner. 

Marginal mouth spines 9 to 11 (10 or 11 in type), compressed ; 
suboral granules in 2 series, a few of the innermost slightly en- 
larged. 

Madreporic body medium-sized, surrounded by 5 or 6 plates; it 
is larger than the primary basal plates and is situated slightly less 
than one-third r from center—about as in arthrocnemis. 

Type.—Cat. No. 80548, U.S.N.M. 

Type-locality.—Station 5115, off northern Mindoro (Verde Island 
Passage), 340 fathoms. 

Distribution—Known only from type-locality. 

Specimens examined.—T wo, the type and an example from sta- 
tion 5114, type-locality, 340 fathoms, fine sand. 

Remarks —This species, or perhaps only subspecies of arthrocne- 
mis, is most likely to be confused with that form and with habro- 
tatus. It differs from habrotatus in having square-angled rays with 
a plane dorsal surface, a closer marginal granulation, the sixth and 
sometimes the fifth superomarginal longer than width of its dorsal 
surface (ninth or tenth in habrotatus) ; 10 inferomarginals corre- 
sponding to about 16 adambulacrals (13 or 14 in habrotatus), 
coarser actinal interradial granulation; fewer mouth spines (12 to 
15 in habrotatus) ; primary apical plates smaller—not conspicuous, 
whereas they are in habrotatus. N. meseres seems to be related to 
both habrotatus and arthrocnemis, and rather closely, though it is 
separable readily enough with specimens in hand. 

Among the species described by Koehler from the Jnvestigator 
collections the present form comes nearest to dudwigi, which, how- 
ever, has wider superomarginals for they are not longer than wide 
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until after the twelfth plate (fourth or fifth in meseres) and the 
inferomarginals as viewed from below do not become longer than 
wide until after the fifth or sixth. In ludwigi the subambulacral 
granules are fewer in 2 regular series, and there are no adambulacral 
pedicellariae. JV, belli Koehler has the radial plates conspicuously 
wider than long, while in J. ternalis (Koehler, but not Perrier) the 
marginal plates have different proportions, the adambulacral fur. 
row spines are fewer (8) and pedicellariae much more numerous. 

I do not think the species which Koehler identifies as Vymphaster 
ternalis is really that form, apart from the improbability of a West 
Indian species being found in the Indian region. Judging by Per- 
rier’s figure, the marginal plates of ¢ternalis are more tumid and 
the abactinal radial plates larger. Perrier states that the apophysis 
of the adambulacral plates of ternalis starts with the twenty-fourth 
plate. In Koehler’s species it starts on the third or fourth to 
fifteenth. In most of the species described in this report the apophy- 
sis starts near the base of the furrow on the first five adambulacral 
plates and is a rather conservative character. It is unlikely that 
so great a variation would be present in a single species. I have 
examined what purports to be JY. ternalis from the West Indies, 
but as it agrees with neither the figure nor description of Per- 
rier I think it likely that in the United States National Museum 
collection other species than true fernalis masquerade under that 
name. This species has the apophysis starting on the third or 
fourth plate, and its superomarginals, instead of being swollen on 
the ray and slightly sunken in the midradial line, slope upward 
toward the median radial line. 


NYMPHASTER HABROTATUS Fisher. 


Plate 66, fig. 3; plate 67, fig. 3; plate 68, fig. 4; plate 69, fig. 4; plate 92, 
figs. 8, Sa. 


Nymphaster habrotatus FisHer, 19138a, p. 639. 


Diagnosis.—Rays long and slender as in NV. arthrocnemis, but not 
tumid, the dorsal surface of ray evenly arched proximally and oral 
spines 12 to 15; contour of ray as seen from below even, not con- 
stricted at intervals; breadth of ray at inner end of the first pair of 
superomarginals which meet medially equal to first 3 to 3.5 supero- 
marginals measured on ambitus; superomarginals, as seen from 
above, wider than long up to the sixth or seventh; the next 2 or 3 
squarish; granules round and well spaced; a few marginal 2-jawed 
pedicellariae; median radial plates slightly wider than long, all 
slightly elevated; primary apical plates conspicuous; adambulacral 
plates with proximally 7 or 8 and farther along ray upward of 14 
furrow spines; apophysis beginning on second or third plate, but 
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becoming prominent gradually; adambulacral 2- to 4-jawed pedi- 
cellariae; third inferomarginal longer than wide as seen from below. 


R=76.5 mm., r=17 mm., R=4.5 r; breadth of ray at midinter- 
brachium, 19 mm. 

Description.—Abactinal area, circumscribed by the superomar- 
ginals, arcuate pentagonal with attenuate sharp corners; abactinal 
plates slightly elevated even on the interradial areas, but not high 
enough to be distinctly tabulate. Papular areas comprising 3 or 4 
rows on either side of the median radials which are slightly wider 
than long, subhexagonal, and with 3 to 8 central and 12 to 14 slightly 
smaller depressed granules; other radial plates subcircular and 
smaller. Primary basal and central plates conspicuously larger 
than the others and with more granules. A few entrenched pedicel- 
lariae with 2 slender jaws are scattered over the radial areas. Plates 
of midradial and 2 parallel series on either side (papular area) pro- 
vided with 6 short pointed lobes (arcuately hexagonal), by which 
the distal plates touch, but do not quite touch proximally. The 
4 or 5 distal plates of the radial and adradial series are slightly 
wider than long, but the proximal plates are not. The interradial 
plates are irregularly roundish without lobes, and as seen from with- 
in they are not in contact. 

Superomarginal plates about 32, conspicuously sloping in the in- 
terbrachia and basal portion of ray, forming thereto an arched dorsal 
surface which gradually and at different points on the ray becomes 


horizontal or plane. Height of lateral face of ray proximally equal- 
ing width of dorsal face of superomarginal but distally slightly ex- 
ceeding it. Fourth or fifth plate meeting its fellow medially; abac- 
tinal surface of proximal plates up to the sixth or seventh wider than 
long; the next 2 or 3 are about as wide as long, and thence the width 
diminishes gradually (in ¥. meseres, which somewhat resembles this 
species, the fifth plate is as wide as long or sometimes slightly longer 
than wide and the plates abruptly become longer than wide, not 
gradually; also the abactinal surface of ray is plane with abrupt 
angles). Lateral angle of ray rounded; side of ray straight as 
viewed from above, the plates not being tumid. Suture between 
supero- and inferomarginals in a slight depression. Granules cir- 
cular, depressed, spaced about their own diameter or slightly less. 
A few small, entrenched, slender 2-jawed pedicellariae are present. 
In the interbrachia the superomarginals extend laterally beyond the 
inferomarginals. Terminal plate small, ovoid. 

Inferomarginals nearly square interradially, but the third is 
slightly longer than width of actinal face; height of inferomarginals 
about one-half that of superomarginals and on ray about equal to 
its actinal width the surface being evenly rounded from the inner to 
outer edge. Ten plates near middle of ray correspond to 13 or 14 
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adambulacrals. Granulation similar to that of superomarginals, 
and a few similar pedicellariae are present. 

Actinal intermediate plates perfectly flat, in about 5 chevrons, and 
irregular as to size and shape, but usually with 5 sides. Granules 
similar in size to those of inferomarginal plates, but more spher- 
ical or acorn-shaped. Sometimes 1 or 2 two-jawed entrenched pedi- 
cellariae are present in an interradial triangle. 

First adambulacral with 7 or 8 slender compressed, blunt spines 
in a nearly straight series. The first appearance of the apophysis 
is in the second or third plate, but it does not become very prominent 
until the eighth to twelfth. The spines gradually increase in num- 
ber to 12, 13, or 14. The central 3 to 5 spines on the distal plates are 
shorter and slenderer than the laterals, and on the proximal plates 
they are slenderer and subequal. In short, they have the usual rela- 
tions, and the distal plates are longer than wide. Subambulacral 
granules rather variable. In the type there are 15 to 20, in about 
8 series, several of the inner series being enlarged on the first 10 
plates into short, granuliform, sharp tubercles. Near the adoral 
border of a comparatively few of the proximal plates of type is a 
2- or 3-jawed pedicellaria in the innermost suboral series. The jaws 
are slender and curved inward. In specimens from stations 5423 
and 5424, which in several details depart shghtly from the type, 
the pedicellariae are more numerous. In the specimen from station 
5424 the pedicellariae usually have 3 jaws, and with a few exceptions 
occur on all the first 25 to 30 plates. 

Mouth plates with a long and rather narrow mouth angle; mar- 
ginal spines 12 to 15, usually 14 in type, similar to the furrow 
spines but stouter and more compressed, gradually increasing in 
size toward the inner angle of plate, most of the spines being thin, 
petaloid, and round-tipped. Suboral granules 12 to 18; a series of 
5 or 6 parallel to furrow series are enlarged into flattened tubercular 
spines. 

Madreporic body larger than the primary basal plates, and situ- 
ated about a third the distance from center to ambitus. It is sur- 
rounded by 4 plates, with 2 others encroaching somewhat upon them. 

Gonads in a single tuft on either side of the membranous inter- 
brachial septum. 

Type.—Cat. No. 80549, U.S.N.M. 

Type-locality—Station 5491, between Leyte and Mindanao, 736 
fathoms, green mud, coral; bottom temperature, 52.3° F.; 2 speci- 
mens. 

Distribution—Sulu Sea to the Surigao Sea, north of Mindanao, 
340 to 736 fathoms. 

Specimens examinéed.—Five, 2 from the type-locality and 3 from 
the following stations: 
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Station 5423, Sulu Sea near Cagayanes Islands, 508 fathoms, gray 
mud, coral sand; bottom temperature, 49.8° F.; 1 specimen. 

Station 5424, same locality, 340 fathoms, coral sand; bottom tem- 
perature, 50.4° F.; 2 specimens. 

Remarks.—This species differs from euryplax and moluccanus in 
having narrower rays, which are arched proximally; in having the 
superomarginals extending laterally farther than the inferomar- 
ginals, not the reverse; from euryplax further in having more nu- 
merous oral spines, more numerous furrow spines, and radial plates 
not conspicuously widened; from moluccanus also in having nar- 
rower superomarginals and marginal pedicellariae; from arthro- 
enemis in lacking swollen marginals and the characteristic depres- 
sion along the ray, in having plane not tumid actinal intermediate 
plates, more numerous oral and furrow spines, finer granules, mar- 
ginal and adambulacral pedicellariae; from atopus in having 6 
(young) to 10 interbrachial superomarginals (not 4), numerous 
pedicellariae, larger, slightly elevated abactinal plates, more numer- 
ous mouth spines, and stouter inferomarginal plates. The characters 
which separate this form from meseres are noted under that species. 


NYMPHASTER ATOPUS Fisher. 


Plate 63, fig. 4; plate 64, fig. 2; plate 69, fig. 5; plate 70, fig. 4; plate 92, 
AESiTe Ta: 


Nymphaster atopus, FISHER, 1913a, p. 640. 


Diagnosis.—Diftering from other species herein described in having 
only 4 interbrachial superomarginals; rays slender, the width at outer 
end of second superomarginals (which corresponds in position to the 
inner end of the first pair of plates which meet medially, in other 
species) equaling length of first 3 superomarginals measured on am- 
bitus; superomarginals longer than wide; inferomarginals on ray 
very slender, resembling terete rods placed end to end; marginal 
granulation relatively coarse, spaced; abactinal plates small, round- 
ish hexagonal, with few granules; oral spines 9 or 10; adambulacral 
furrow spines proximally 7 or 8, then 10 or 11; apophysis is promi- 
nent from the third plate on; distal plates much longer than wide, 
with 1 series of granules and a few extra in the angle of the apophy- 
sis; about 15 or 16 adambulacrals corresponding to 10 inferomargi- 
nals of ray. Cotype, R=48-+-mm., r=9 mm., R=at least 5 r (tip of 
ray broken). 

Description.—Abactinal area, within the marginal plates, pentago- 
nal and bounded on each side by 4 superomarginals. Abactinal 
plates small, slightly convex, the papular areas comprising 5 longi- 
tudinal series of roundish hexagonal plates and the interradial areas, 
about 4 chevrons of still smaller roundish or irregularly polygonal 
ones. Radial plates with 1 central and 6 or 7 peripheral subspherical 
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beadlike granules; the adradial and next adjacent series with 4 or 5 
eranules and usually no central; the interradial plates with 4 to 6 
gvanules. A very few of the radial plates of type (only) have a deli- 
cate pedicellaria with 2 slender jaws longer than the granules. 

Superomarginals massive proximally, 22 on longest ray, forming 
an arched bevel to the margin of interbrachial spaces. Base of ray 
very slightly arched abactinally—nearly plane—but with « well- 
rounded, abrupt, slightly swollen angle between the dorsal and lat- 
eral facets of the plate. On outer part of ray the dorsal surface is 
arched so that the distal attenuate portion of ray is subterete. Proxi- 
mally the height of the plate is about half the width of dorsal sur- 
face, and distally about equal to it. The third plate is about as long 
as wide, but thence the width decreases more rapidly than the length, 
so that all the subsequent plates are longer than wide. Granulation 
coarse; granules circular, depressed, subtruncate or convex, and 
spaced slightly less to slightly more than their own diameter apart. 

Inferomarginals slightly tumid and very narrow on the ray, and 
all are longer than width of actinal surface. Inner edge of first plate 
about as long as chord of extreme width, or exceeding width of ven- 
tral surface alone; second plate slightly narrower; third plate one 
and one-half times as long as wide. From here the plates become 
rapidly narrower; and the surface being evenly rounded from the 
inner to outer edge, they resemble short terete rods placed end to end. 
Ten inferomarginals near center of ray correspond to 15 or 16 adam- 
bulacrals. On the outer part of ray the inferomarginals are about 
as wide as the adambulacrals, and about half as wide as zhe siipero- 
marginals. In the interbrachia and along proximal half of ray the 
lateral suture between superomarginals and inferomarginals is 
slightly depressed owing to the slightly swollen lateral facets of the 
plates. Granules subspherical, slightly smaller than the superomar- 
gimal granules and similarly spaced. Proximally there are about 9 
in the length of a plate; distally about 7 or 8. 

Actinal intermediate plates in 8 chevrons, the outer reaching mid- 
dle of second plate. Granules thimble-shaped or acorn-shaped, spaced 
about as those of inferomarginals and similar to them in size. 

First 2 adambulacral plates without perceptible furrow angle and 
with 7 or 8 rather slender 4-sided spines of about equal width through- 
out, but tapering to a subtruncate tip somewhat like a wedge. Third 
plate with angle near proximal side, which rapidly increases in promi- 
nence until the sixth to eighth plates, beyond which there is a gradual 
broadening of the apophysis, as the plates become much narrower 
owing to the tenuity of ray. As a consequence of this the plates are 
much longer than wide, the apophysis is broad and less prominent, 
so that the circular compartments in which the tube feet are lodged 
are separated by more than their own diameter. Where the apophysis 
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is most prominent there are 10 or 11 furrow spines, the median slen- 
der, pointed, compressed, with edge to furrow, the laterals stouter, a 
trifle longer, tapering, and with flat side to furrow. The distal facet 
of each hypophysis is slightly hollowed out. The lateral spines of 
4 adambulacral plates bend down over the compartment in which 
the tube feet are lodged—4 or 5 from each distal facet and about 4 
from each adoral facet, forming an effective operculum of 16 to 20 
converging spines. Suboral granules proximally 6 to 9, conical and 
subspinose, shorter and thicker than the furrow spines and arranged 
in 2 series. Far along ray are about 8 or 10 conical granules in a 
series of 5 to 7 on the outer edge of plate, with a group of 2 to 4 be- 
tween it and the angular-furrow series. Two or three of the proxi- 
mal plates of each series have a pedicellaria in the inner series of 
granules consisting of 2 to 4 tapering jaws. 

Mouth plates with a fairly straight furrow series of 9 or 10 spines 
similar to the furrow spines of the first 2 adambulacral plates, but 
slightly more compressed, and the inner 2 or 8 are conspicuously 
larger. Suboral granules 7 or 8 slightly spaced, the inner 1 or 2 of 
the [median] sutural series being tuberculate. 

Madreporic body small, surrounded by 4 plates, of which the ad- 
central basal plate is the largest; it is situated nearly halfway be- 
tween center and margin. 

Type.—Cat. No. 80550, U.S.N.M. 

Type-locality.— Station 5428, Sulu Sea, off Palawan (lat. 9° 13’ N.; 
long. 118° 51’ 15’” E.), 1,105 fathoms, gray mud; bottom tempera- 
ture 49.7° F.; 38 specimens. 

Distribution—Known only from the type-locality. 

Remarks.—This species is remarkable for having only 4 superomar- 
ginal and 4 inferomarginal plates in each interbrachial space; in 
other words, the second superomarginal is the largest and is in con- 
tact with its fellow medially. No other described species has so few; 
even the young specimens of arthrocnemis have at least 6. However, 
Perrier figures some very immature forms with only 4 interbrachial 
superomarginals, but these are tiny specimens. 

Nymphaster atopus lives in the great depths of the Sulu Sea, which 
are pretty effectually isolated from other abyssal areas. 


Genus SPHAERIODISCUS Fisher. 
Sphaeriodiscus FisHer, 1910, p. 171; 1911d, p. 167. Type, Stephanaster 
bourgeti Perrier. 
SPHAERIODISCUS SCOTOCRYPTUS Fisher. 
Plate 79, fig. 5; plate 80, fig. 4; plate 83, figs. 6, 7; plate 92, figs. 10, 10a. 
Sphaeriodiscus scotocryptus Fisuer, 1918a, p. 641. 
Piagnosis—In general appearance greatly resembling Ceramaster 
granularis (except as regards the enlarged antepenultimate supero- 
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marginals). Differing from S. ammophilus (Fisher) and S. bourgeti 
(Perrier) in having much narrower superomarginals, more restricted 
papular areas, much longer adambulacral plates, with more numerous 
furrow spines and larger mouth plates. Form pentagonal, with 
straight sides, produced at angles into rays, only 2 superomarginals 
in length. Superomarginals narrow, increasing slightly in size up 
to the third, the remaining 2 being smaller; surface bare, except 
for scattered granules, and several rows near margin. Abactinal 
plates granulate, a comparatively few of the radial and adradial 
series being low tabulate; plates hexagonal on radial regions, gen- 
erally 4-sided interradially, and irregularly hexagonal on center of 
disk. Adambulacral plates longer than wide, or as long as wide, 
with a straight-edged furrow comb of 9 or 10 flattened, rather narrow 
truncate spines, and spaced from these 2 or 3 subambulacral series 
of granules, the inner the larger. Mouth plates large, with 15 to 17 
furrow spines. Abactinal, marginal, and actinal intermediate spatu- 
late pedicellariae with “ sugar-tongs ” jaws. R=32 mm., r=22 mm., 
R=1.45'r: 

Description.—Abactinal area pentagonal, the plates being flat and 
only those of the very restricted papular areas slightly tabulate. 
All are covered with uniform, depressed, subtruncate, hemispherical 
granules, those in the central part of the plate being spaced one- 
third to one-half the diameter of a granule; those on the periphery 
just touching. Scattered over the radial and interradial regions 
are numerous small pedicellariae, with 2 narrow jaws abruptly 
widened and spatulate at the tip, and with a rather narrow base; 
length of jaw about width of 2 granules. Sometimes the spatulate 
part is notched or denticulate, sometimes entire. The papular areas 
are restricted to the radial and either adradial series of plates. There 
are 9 or 10 radial plates, but only about 6 of the radial and 5 of 
the adradial series are tabulate. These plates are hexagonal or (being 
usually a little longer than wide) kite-shaped. In the middle of 
the papular areas the lateral peripheral granules are slightly length- 
ened, truncate, and have the appearance of acting as opercula to pro- 
tect the papulae beneath. The interradial plates are four or five 
sided, or if six-sided the plates appear to be four-sided with 2 oppo- 
site corners cut off. 

The plates of the papular areas, seen from the coelomic side, 
have 6 short, broad lobes, directed slightly downward, by which the 
plates join. They are most pronounced on the radial plates, and the 
kite-shaped plates have a strong lateral lobe on either side, the 
rest being suppressed. The adradial and adjacent series have very 
short lobes. i 

Superomarginal plates narrow. First 2 longer than extreme 
width; third much wider at distal transverse suture than at proximal, 
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and touching its fellow of the opposite side by the distal inner corner. 
Sixth plate narrower distally than proximally and smaller than the 
fifth. It meets its fellow of the other side. Seventh plate small 
and tumid. The plates form a well-rounded margin to the disk, but 
rather more of the plate faces dorsally than laterally. The plates 
are surrounded by a series of regular granules resembling those of 
the abactinal plates and the lateral face of the plate has 2 to 5 
additional rows of rather deciduous granules. On the inner mar- 
gin of the first 4 plates there is an additional irregular series of 
granules, which sometimes continues part way along the transverse 
margins. The dorsal surface of the first 3 and practically all the 
surface of the last 3 plates is bare, except for a few scattered gran- 
ules and 1 or 2 pedicellariae. Terminal plate somewhat top-shaped, 
with two truncate tubercular granules on the distal truncate end. 

Inferomarginals arched actinally and encroaching upon actinal 
area more than do the superomarginals upon the abactinal. They 
are all longer than wide; the lateral face is about half as wide as the 
ventral and merges with it gradually. The plates decrease gradually 
in size distad and correspond pretty closely to the superomarginals. 
The ventral service is bare, except for comparatively numerous 
widely spaced deciduous granules, but the margins of the plate 
are granulate for the width of 4 to 6 series except the last 2 or 3 
plates, which have only 1 or 2 marginal series. Some of the plates 
have a lateral pedicellaria. 

Actinal intermediate plates flat, granulate, in 7 chevrons, the out- 
line of the plates being irregularly polygonal, and the granulation 
spaced for half the width, or more, of the granules. The series ad- 
jacent to the adambulacrals reaches to the middle of the third infero- 
marginal and bears an occasional 2-jawed spatulate pedicellaria. 
Each chevron has an odd interradial plate at its apex. 

Adambulacral plates slightly longer than wide, or square, with a 
nearly straight furrow margin bearing a regular straight-edged comb 
of proximally 9 or 10, distally 7 or 8, flattened, rather narrow, trun- 
cate spines. Proximally these are shorter than the width of plate; 
sometimes the broader side is toward furrow (especially proximally) 
and sometimes the edge is to furrow (distally). Spaced from these 
by a conspicuous interval is a straight longitudinal series of 4 or 5 
compressed, tubercular spiniform granules, much shorter than the 
furrow spines, one of which distally becomes enlarged into a tubercle 
as often occurs in the Goniasteridae. This tubercle is less evident in 
S. ammophilus. The proximal 5 or 6 plates have f and the rest 
2 or 2.5 additional longitudinal series of small granules (6 to 12) 
similar to those of the actinal intermediate plates. 
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Mouth plates large with the furrow margin about twice as long 
as that adjacent to first adambulacral plate. Furrow series: 15 to 
17 compressed chisel-pointed spines, the inner 38 or 4 gradually 
enlarged and prismatic, the innermost being widest, and _blade- 
like. Actinal surface with about 3 series of granules parallel to the 
furrow, a pair just back of the teeth enlarged into prismatic spines; 
median suture rather prominent; actinal surface of plates slightly 
convex. 

Madreporic body rather small, surrounded by 6 plates, and situ- 
ated one-third r from center. 

The gonads are single, one on either side of the membranous inter- 
brachial septum, situated between the third and fourth longitudinal 
series of radial plates and about 6 mm. from the margin. No rudi- 
mentary superambulacral ossicles. 

Type.—Cat. No. 30553, U.S.N.M. 

Type-locality—Station 5425, Sulu Sea, near Cagayan Island, 495 
fathoms, gray mud, coral sand, bottom temperature 49.4° F.; 1 
specimen. 

Distribution—Known only from type-locality. 

Remarks.—Al|though this species is very different from S. bourgeti 
and S. ammophilus in having narrow superomarginals and larger 
adambulacral plates with numerous furrow spines, I think it is 
referable to Sphaeriodiscus. The abactinal plating, marginal granu- 
lation, and slightly enlarged antepenultimate superomarginal are 
characteristic. I have examined the gonads and abactinal plates of 
S. ammophilus and they agree with those of S. scotocryptus. In the 
former the plates of the very restricted papular areas ure 4- to 6- 
lobed, the lobes being short, sharply truncate, and joining closely 
end to end the lobes of adjacent plates. In the radial series the 
lateral lobes (2 on either side) are developed more fully than the 
other 2, which may be lacking. The form of the lobing is exactly 
similar to that of S. ammophilus, even to the larger lateral lobes. 
It would seem that the very small papular areas are also character- 
istic of the genus. S. ammophilus has single gonads, situated as in 
S. scotocryptus. 

Genus PELTASTER Verrill. 


Peltaster VERRILL, 1899, p. 168. Type P. hebes Verrill (=Goniaster nidaro- 
siensis Storm).—IFrsuer 1911d, p. 171. 


PELTASTER CYCLOPLAX Fisher. 
Plate 74; fig. 1; plate 75; plate 83, fig. 1; plate 92, figs. 11, 11a—d. 
Peltaster cycloplax F1sHer, 1913a, p. 641. 


Diagnosis.—Differing from P. nidarosiensis (Storm) in having 
entrenched, 2-jawed, pincer-shaped or “sugar-tongs” pedicellariae 
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instead of the sessile, bivalved type; in having very many more gran- 
ules on the abactinal plates, more tumid and longer proximal supero- 
marginal plates, and very numerous actinal intermediate pedicel- 
lariae; rays longer. General form stellate, with short rays and 
shallow, arcuate, interbrachia; R=109 mm., r=51 mm., R=2.1 r; 
breadth of ray at midinterbrachium, 60 mm. Abactinal plates finely 
granulated, the larger primary plates with 85 or 40 peripheral and 
120 central, slightly smaller granules; proximal radial plates sur- 
rounded, partially or wholly, by smaller, secondary plates; very 
numerous small abactinal, broadly spoon-shaped, denticulate pedicel- 
Jariae; superomarginals proximally very tumid, 15 or 16 to the ray, 
closely granulate except for a central irregular bare space on many 
plates; a few superomarginal and inferomarginal pedicellariae; actinal 
intermediate areas very large, closely granulate, nearly all the plates 
with 1 or sometimes 2 forceps pedicellariae, so that in the aggregate 
they appear very numerous, the plates being small; adambulacral 
plates with 5 or 6 stout, blunt, 4-sided or compressed furrow spines 
and 2 arcuate series of subambulacral spines (4 or 5 in each series), 
followed by 12 to 15 granules in 2 crowded, irregular series. 
Description—Abactinal plates all clearly distinguishable and 
arranged regularly on the radial areas and outer parts of interradial 
areas, but not very regularly on center of disk. Primary plates of 
radial areas hexagonal, arranged in a radial series and 8 longitu- 
dinal series on either side, these interspersed and surrounded by 
smaller, irregularly polygonal, roundish, or oblong plates, 6 to 8 
about each plate. Proximally the consecutive radial and adradials 
are separated by oblong or very much compressed, often irregular, 
hexagonal ones, but near the middle of R these disappear from the 
radial series and, also successively, a little nearer to center of disk 
from the other 3 series. For a short distance beyond the middle 
of R the secondary plates are found only at the sides of the lateral 
series, but in the other series the lateral plates disappear about as 
quickly as the transverse ones. The intermediate plates occupy, then, 
a petaloid radial area extending about to the middle of R, and also 
the center of disk, but here there is less difference in size between 
the 2 kinds. Interradial plates numerous, gradually changing from 
hexagonal to lozenge-shaped. There are many irregular forms, 4- to 
6-sided or even roundish toward center of disk. All the plates are 
covered with a fine, close granulation, the peripheral granules being 
flattened, truncate, or finger-nail-shaped and distinctly larger than 
the circular depressed central granules, which decrease slightly in 
size toward the center of plate. A proximal radial plate has upward 
of 385 or 40 peripheral and 120 central granules, all having the 
appearance of being immersed in a soft, transparent matrix. Most 
of the plates also bear an entrenched sugar-tongs pedicellaria with 
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2 broadly spoon-shaped denticulate jaws, the width of the rounded 
or ovoid expanded part sometimes nearly equaling the total height, 
which equals width of 2 or 2.5 peripheral granules. The base of 
the pedicellaria is narrower than the rounded or ovoid distal portion 
and the jaw is constricted just above the base. 

The edges of the plate fit together tightly, there being no inter- 
spaces, and no papulae can be seen. The 5 primary interradial plates 
can be distinguished by their slightly greater size. 

The papular area is very extensive and can not be seen from the 
outside. It includes the whole dorsal surface, with the exception of 
a band averaging 5 mm. wide, adjacent to the marginal plates, and on 
either side of the interbrachial septum, extending inward nearly to 
center of disk. Viewed from the coelomic side the abactinal plates 
are even more regular than from an external view. The large pri- 
mary plates of the radial area are roundish, with 6 to 8 facets, be- 
tween each of which is a papula. The secondary plates are more 
irregular, with 5 or 6 slight indentations separating the margin into 
as many short lobes; or there may be no lobing but only 5 to 7 un- 
equal facets. The lateral radial plates outside the area of intermedi- 
ates are more regularly hexagonal. 

Superomarginal plates, 15 or 16 to the ray, the proximal 5 or 6 
very tumid and abactinal in position, the succeeding plates less tumid 
and with their transverse axis becoming more and more oblique to 
the abactinal plane. First plate shghtly wider than long; succeeding 
5 or 6 plates longer than wide; the remaining plates shortening and 
increasing in width so that the penultimate is wider than the plates 
of the midregion of ray, but not quite so wide as the first 2 plates. 
Granulation close and fine, similar to that of abactinal plate. Most 
of the plates have 1 or 2 pedicellariae similar to the abactinal. The 
first 4 or 5 plates have an irregular bare space in the middle, and in 
this there are irregular groups and lines of granules. Some of the 
outer plates show a similar bare space, but much smaller. Terminal 
plate rather obovoid, or ovoid, and narrowed at either end. 

Inferomarginals confined mostly to side wall of ray, closely granu- 
late, and often with a pedicellaria. General surface slightly arched 
but not markedly tumid; first plate as wide as long; the next 7 longer 
than wide and the remainder wider than long. The fifth or sixth 
to fourteenth plates do not correspond in the 2 series but even alter- 
nate. The plates of the 2 series have nearly the same area; sometimes 
the superomarginals are a shade larger, sometimes the inferomar- 
ginals exceed, especially distally. 

Actinal intermediate areas very large, closely granulate, the gran- 
ules convex and coarser than those of inferomarginal plates. Nearly 
all the plates have 1 or, near the furrow, 2 entrenched pedicellariae 
with 2 spatulate jaws often not so wide as those of abactinal surface. 
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The pedicellariae are so numerous as to closely dot the surface, the 
plates being rather small, 4-sided (sometimes 5 or 6 near margin), 
those nearest furrow rectangular and largest, the rest gradually de- 
creasing in size and changing to lozenge-shape, or lozenge-shape 
with 2 corners cut off (6-sided). There are about 12 chevrons of 
them. 

Adambulacral plates wider than long, close-set. F'urrow spines 
5 or 6, stout, blunt, 4-sided, or compressed and 3-sided, subequal, 
sometimes placed slightly obliquely, so that the aboral end of the 
close comb overlaps the adoral end of the succeeding comb. The 
spines are as long or slightly longer than the plate, and the armature 
of the actinal surface is graduated in size from the furrow spines 
gradually into that of the intermediate plates. First there are 2 
arcuate series, each of 4 or 5 prismatic or 4-sided spines, heavier but 
. shorter than the furrow spines, and on the outer part of plate 12 to 
15 rather crowded granules in 2 irregular series. Near the end of 
ray one of the spines of the first actinal series is enlarged into a 
clavate or acorn-shaped tubercle, and here also the plates may bear 
a 2-jawed spatulate pedicellaria, but they are not numerous. A 
very few of the proximal plates may also bear a 2-jawed pedicellaria. 

Mouth plates flat, with very regular, straight furrow margin, the 
5 pairs of mouth plates completely closing actinostome. Furrow ' 
spines 9 to 11, truncate, 4-sided, the innermost much compressed and 
bladelike. The end of the spines has 1 or more tiny granuliform 
eminences. Parallel to furrow are 2 series, each of 6 or 7 stout 
truncate 4-sided or prismatic spines, and on the outer part of plate 
18 to 20 granules in about 3 interradially directed series. 

Madreporic body large, flat, about twice the diameter of a basal 
plate, and with very fine, numerous, radiating striae; situated one- 
third distance from center to inner edge of marginal plates. 

The gonads form 2 or 3 tufts on either side of the interbrachial 
septum and parallel to it. Hepatic coeca large, extending half the 
length of ray; Polian vesicles large. 

One of the rays has been injured at the tip, and now has 2 tips 
with the bud of a third. 

Type.—Cat. No. 30552, U.S.N.M. 

Type-locality.—Station 5279, between Lubang and Luzon, south- 
west of Manila Bay, 117 fathoms, green mud. 

Distribution—Known only from the type-locality. 

Remarks.—This species differs from P. nidarosiensis (Storm)! in 
having the abactinal plates perfectly distinct, though closely granu- 
lated, very many more granules to a plate, very numerous abactinal 
pedicellariaec, more tumid and longer proximal superomarginal 





1 Grieg, Goniaster nidarosiensis, Storm og dens synonymer. Bergens Museums Aarbog, 
1905, No. 3, p. 10. 
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plates, very numerous actinal intermediate pedicellariae. The pedi- 
cellariae of P. nidarosiensis are of the bivalve, sessile type charac- 
teristic of Hippasteria, whereas in cycloplax they are of the en- 
trenched 2-jawed sugar-tongs type, similar to those of Nymphaster, 
and other related genera. If P. hebes Verrill is distinct from ni- 
darosiensis it will differ from cycloplax in practically the same char- 
acters as P. nidarosiensis. P. planus Verrill lacks pedicellariae en- 
tirely, and has fewer abactinal granules to the plate, wider and less 
tumid superomarginal plates, and only 3 or 4 furrow spines. 


Genus PONTIOCERAMUS Fisher. 


Pontioceramus F1sHER, 1911c, p. 420. Type, P. grandis Fisher. 


Diagnosis.—Stellate, with a large disk and relatively short rays. 
Related to Plinthaster Verrill, but differing in having the surface of | 
the abactinal plates perfectly smooth, not covered with minute 
bosses, in having the plates of the papular areas low-tabulate, and 
the adambulacral plates with an angular furrow margin armed with 
numerous short stubby spinelets; no conspicuously enlarged sub- 
ambulacral spine on distal part of ray. Abactinal and marginal 
plates bordered by a single series of small granules, the latter also 
with some on lateral face of ray, all flush with level of plate. Last 
few superomarginals in contact medially. Actinal intermediate 
plates reaching far along ray, closely granulate, and with small bi- 
valved excavate pedicellariae about as high as wide. Adambulacral 
plates proxithally very narrow, distally becoming wider; with a large 
subambulacral toothed bivalved pedicellaria, and 10 or 11 furrow 
spinelets in angular series. No smaller secondary abactinal plates. 


PONTIOCERAMUS GRANDIS Fisher. 
Plate 77, fig. 3; plate 78, fig. 3; plate 83, fig. 4; plate 93, figs. 4, 4a—b. 
Pontioceramus grandis FisHErR, 1911c, p. 421. 


Diagnosis.—Size large; stellate, with a large disk, shallow inter- 
brachia, and short bluntly pointed rays, arcuately tapering from a 
very broad base to an attenunate extremity, the last 5 to 8 supero- 
marginals being in contact; abactinal plates numerous, with very 
smooth surface bordered by immersed granules flush with surface, 
the central and radial areas having the plates low-tabulate and 
hexagonal; marginal plates conspicuous, decreasing in size gradu- 
ally, and bordered by flush granules; actinal intermediate plates nu- 
merous, granulate those nearest furrow with 1 or 2 small, denticu- 
late, bivalved pedicellariae; furrow spinelets 11 or 12, short, stout, 
blunt, forming an obtusely angular series, the apex varying in posi- 
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tion between the adoral edge and middle; proximally a large 
bivalved subambulacral pedicellaria near furrow, the remainder of 
plate being occupied by rather small granules, those in line with 
pedicellaria being enlarged and subspinose. 

Description.—Abactinal plates numerous, with a very smooth and 
slightly convex surface, on the radial region regularly hexagonal, 
and on center of disk and in about 9 longitudinal (radial) series dis- 
tinctly tabulate, each tabulum surrounded by 6 papulae, the area of 
tabulate plates reaching about two-fifths R. The papular areas are 
proximally considerably wider than the area of obviously tabulate 
plates. Interradial plates flat, irregularly four- to six-sided. All 
abactinal plates surrounded by a single series of flat squarish gran- 
ules, set in membrane and flush with surface of plate, those on the 
radial plates hard to see, and larger on the lateral than on the trans- 
verse margins of tabulum. 

The median radial plates, as viewed from the inner or coelomic 
side, are wider than long with 8 short truncate lobes in the middle 
third of the series; proximally the plates are roundish with 6 lobes; 
distally there are 6 lobes, and the plates are wider than long; the 
adradial and 2 adjacent series have successively shorter lobes, which 
are strongest on the adcentral side, while the other plates of the 
papular areas are roundish with slight indentations to allow the 
passage of the 6 pupulae. The interradial plates are lozenge-shape, 
sometimes with the corners truncated. In the case of the radial 
plates the transition between the 6- and 8-lobed plates is caused by 
the gradual splitting of each distal and proximal lobe into two. 

Marginal plates conspicuous. Superomarginals (30 to a ray) 
form an even, slightly arched bevel in interbrachium, but on ray a 
rounded angle, being there somewhat wider than high. Proximal 
superomarginals decidedly wider than long, the width very grad- 
ually and uniformly decreasing toward the end of ray, while the 
tumidity of the plates gradually increases. Plates surrounded by a 
single series of small flush granules forming an inconspicuous border, 
and in addition, on the lateral face of ray, adjacent to the outer or 
lower edge, is a second series with a few scattered granules above. 
On the outer part of ray there is but the single marginal series. The 
distal 5 to 8 superomarginals are in contact medially, while usually 
1 or 2 others touch and segregate 1 or 2 of the distal median radial 
plates. Terminal plate much broader than long, truncate distally, 
but roughly cordiform. 

On the outer part of ray the inferomarginals extend laterally a 
trifle beyond the superomarginals. The amount to which the infero- 
marginals encroach upon disk is variable. The plates form a 
rounded bevel in interbrachium, but a rounded angle on the ray, and 
are surrounded by 2 series of granules similar to those of superomar- 
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ginals, becoming reduced to a single series near the end of ray. In 
acdition the longitudinal borders of plate usually have an additional 
series, with a few odd granules in the corners or scattered on the 
lateral face. 

Actinal intermediate plates very numerous, those nearest furrow 
the largest and with the next or next two parallel series forming 
fairly regular chevrons, the plates reaching to the twenty-first or 
twenty-second inferomarginal. The other plates are irregularly 
arranged. All are closely granulate, the granules flat and immersed 
in thin membrane. The plates next to adambulacrals bear one or 
two small, rather delicate, bivalved pedicellariae, whose denticulate 
jaws are slightly wider than high (the larger ones) or as wide as 
high (smaller) and fit into shght depressions when open. 

Adambulacral plates proximally long and narrow, very gradually 
widening on outer half of R, until near tip; beyond the last actinal 
intermediate plates they are as wide as long. Each plate is angular 
toward furrow, the angle being sharper deep in furrow than on 
margin, and is usually adoral to the middle of plate, varying in 
position between the middle and adoral margin of plate. Furrow 
spinelets 11 or 12, stout, short, round-tipped or blunt, much flat- 
tened, those near the angle of margin with edge to furrow, the others 
with flat side thereto. The aboral spinelet of the series is the broad- 
est and stoutest, and often the adoral spinelet is similarily enlarged. 
This spinelet or really granule is most conspicuous near the end of 
ray, where the furrow angles, meeting medially from the 2 sides, 
segregate the tube feet as in Vymphastcr. The spinelets near either 
end of the series form an operculum, closing this compartment when 
the tube feet are withdrawn. 

The spinelets are subequal in length, or the median slightly the 
shorter. The actinal surface proximally is wide enough for only one 
longitudinal series of unequal granules, but as the plate widens more 
are added, until distally the plates have an even granular surface, 
like that of actinal plates. Proximally most of the plates have a 
large bivalved denticulate pedicellaria, the jaws much wider than 
high. This occupies a third or a fourth the length of a plate, the 
remainder of the first actinal series being filled out by compressed, 
rounded, granules, usually larger than the other actinal granules. 
The distalmost of these, on the last 6 to 12 plates, is enlarged and 
tubercular (although inconspicuous), and this, a goniasterid ten- 
dency, is carried out, although in a suppressed form. 

Mouth plates small, triangular, with a fairly straight furrow 
margin, bearing 9 or 10 spinelets, similar to those of the furrow 
series, but heavier, and increasing rather rapidly in size toward the 
inner end of plate, where the spines are heavy, compressed, and leaf- 
like. Back of these is a row of flattened, shorter, truncate, or round- 
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tipped spines, the outer part of the plate being granulate, the gran- 
ules being larger than those of the intermediate plates, spaced, and 
subspinose. A curious variation is present in 2 specimens froin sta- 
tions 5116 and 5412. One of the teeth at the inner angle is enor- 
mously broadened and forms an odd scoop-shovel-like tooth. In 
another mouth angle 2 are enlarged, 1 more than the other, so that 
they overlap greatly. 

Madreporic body small, near center of disk, surrounded by 5 
plates; ridges radiating and coarse. 

Anatomical notes.—The specimen dissected was smaller than the 
type, with R, 106 mm. Intestinal coeca, consisting of 5 long, slender, 
simple, radiating sacs, about one-third the minor radius in length; 
Hepatic coeca small, about two-fifths of R in length; stomach smull, 
divided by a constriction into distinct dorsal and ventral divisions; 
Polian vesicles large, 1 in each interradius; ampullae double. Inter- 
brachial septa membranous; along the ray are numerous accessory 
septa parallel to the interbrachial, and extending from margin nearly 
to ambulacral plates. There are 8 of these between the second and 
twelfth superomarginals; thence they become very small. Gonads in 
a single tuft on either side of the interbrachial septum, at about the 
middle of r. 

Type.—Cat. No. 28657, U.S.N.M. 

Ty pe-locality.—Station 5273, off western Luzon, 27 miles southwest 
of Corregidor Light, 114 fathoms, mud, shells, and coral sand; 1 
specimen. 

Distribution.—Southwestern Luzon to Bohol, 114 to 200 fathoms, 
on green mud, mud, shells, and coral sand, temperature range 50.2° 
to 54.8° F. 

Specimens examined.—In addition to the type, 4 specimens from 
the following stations: 

Station 5116, mouth of Balayan Bay, Luzon, 206 fathoms, bottom 
temperature 50.2° F.; 1 specimen (large). 

Station 5412, between Cebu and Bohol, 162 fathoms, green mud, 
54.8° F.; 3 specimens. 

Station 5417, between Cebu and Bohol, 165 fathoms, gray mud, 
sand, bottom temperature 54.4° F.; 1 specimen. 

Remarks.—This genus differs from Circeaster in lacking the ab- 
ruptly larger abactinal plates of rays, in having smooth marginals, 
and regular tabulate radial plates; and from Lydiaster in the character 
of abactinal, marginal, and adambulacral plates. Lydiaster is more 
nearly related to Circeaster than to Pontioceramus. Ceramaster is 
distinguished by the wholly granulate tabulate abactinal plates and 
Eugoniaster, which is perhaps the most nearly related form, has the 
abactinal plates arranged without regularity although “tabulate,” 
and the adambulacral plates are of uniform width throughout. 
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Genus LITHOSOMA Fisher. 


Lithosoma FisHer, 1911c, p. 422. Type, L. actinometra Fisher. 


Related to 7conaster Sladen, but differs in having the regular longi- 
tudinal radial series of abactinal plates completely surrounded by 
granules, not on the lateral edges only, and in having the subam- 
bulacral granulation short and spaced from the furrow comb, not 
crowded and graduated into the furrow armature. All plates smooth 
and bordered by a single series of granules, the plates of papular 
areas sensibly elevated. Small spatulate excavate pedicellariae on 
both surfaces. Disk large, rays long, slender, and beyond base of 
ray composed only of marginal plates abactinally. 


KEY TO THE SPECIES OF LITHOSOMA HEREIN DESCRIBED. 


a.” R=8.7 r; marginal plates broad, more or less tumid; all superomarginals 
broader than long; width of ray at proximal end of first pair of supero- 
marginals which meet medially equal to length of first 5 superomarginals ; 
furrow margin of adambulacral plates slightly convex, slightly angular, or 
concavo-convex, but not markedly angular; adambulacral pedicellaria very 
small, the jaws much less than half as high as furrow spinelets. 

actinometra, p. 298. 

a” R=4-+r; marginal plates narrow, not at all tumid; distal superomarginals 
longer than broad; width of ray, measured as in a,’ equal to length of first 
3 to 32 superomarginals; furrow margin with an apophysis separating the 
tube feet; adambulacral pedicellaria with jaws nearly or quite as long 
as thei furrowispinelets{2: 20" — sas eee eee penichra, p. 3801. 


LITHOSOMA ACTINOMETRA Fisher. 
Plate 76, figs. 1, 3; plate 84, fig. 2; plate 85, fig. 2; plate 93, figs. 3, 3a. 
Lithosoma actinometra FisHER, 1911¢, p. 422. 


Diagnosis —Rays 5. R=155 mm., r=42 mm., R=3.7 r; breadth of 
ray at base, 49 mm., at eighth superomarginal, 19 mm. General 
form precisely like Vymphaster; disk large, arcuately pentagonal, 
and produced at the corners into long slender rays which gradually 
taper to a bluntly pointed extremity and which are composed abac- 
tinally of the marginal plates only. All plates smooth, porcelain- 
like, bordered by a single complete series of granules flush with the 
general surface; only the adambulacral and mouth plates with gran- 
ules on surface. Abactinal plates regular, hexagonal, shghtly ele- 
vated, close-set; superomarginal plates massive, wider than long, the 
seventh to ninth meeting medially, and encroaching conspicuously 
upon abactinal area; inferomarginals similar to superomarginals; 
actinal intermediate plates numerous, extending slightly beyond 
middle of R; adambulacral plates slightly wider than long to slightly 
longer than wide, with a curved or slightly angular furrow margin 
bearing a comb of proximally 6 to 8, and farther along the ray 9 to 
11 short blunt spinelets. 


STARFISHES OF THE PHILIPPINE SEAS. 299 


Description.—Abactinal area stellato-pentagonal. Abactinal plates 
hexagonal, in regular radial and parallel series, smooth except for 
scattered minute irregular elevations (not granules) and bordered 
by a single complete series of flat immersed granules, squarish or 
oblong in shape. The plates are very slightly elevated, are very 
regular in disposition, and are crowded, those of the center of disk 
being slightly the largest. If somewhat higher they would be called 
tabulate. No secondary, smaller, intermediate plates. The papulae, 
6 about a plate, are practically all over the abactinal area. Many of 
the plates have 1 or 2 tiny entrenched pedicellariae with 2 or 3 
slender jaws scarcely longer than the width of a marginal granule. 

Abactinal plates as seen from the inner or coelomic side with 6 
regular short lobes, the interval between being arcuate, and the plates 
nearly or quite touching by means of the lobes. The ventral surface 
of the plate is raised into a truncate eminence with sloping sides. 
Viewed from this side, the plates appear to be of a low conical form 
with the apex removed at different distances from the top. 

Marginal plates blocklike massive, the superomarginals, 40 in 
number, in contact along median line beyond the seventh to ninth, 
and encroaching conspicuously upon dorsal surface, being wider than 
high. The first plate is abactinally wider than the following 4, the 
next 3 plates gradually increasing in width and the following grad- 
ually decreasing toward the end of ray, as best shown in the figure. 
Surface of plate smooth, porcelainlike, and the abactinal surface of 
ray is nearly plane, or a trifle sunken along median line owing to a 
slight convexity of the plates. Marginal granules small, immersed 
in a membrane which nearly or quite obscures their outlines. A 
variable number, usually 1 to 5, tiny 2- or 3-jawed pedicellariae 
occur along the transverse margins and also along the lateral mar- 
gin on the side of ray. The base of each jaw is half or more than 
half as wide as the length and constricts to « narrow spatulate ex- 
tremity. The cotype is much more liberally provided with them 
than the type. Terminal plate much wider than long. 

Inferomarginals correspond to superomarginals proximally; dis- 
tally they alternate. The plates decrease regularly in size, although 
very gradually on ray, where the lateral face, as seen directly from 
the side is about as wide as the ventral facet viewed directly from 
below. The ventrolateral margin of ray is slightly swollen and 
evenly rounded. Marginal granules and pedicellariae as on supero- 
marginals. Ten inferomarginals at middle of ray correspond to 
16 adambulacrals. 

Actinal intermediate plates flat and very smooth, in about 6 irreg- 
ular chevrons, irregular in size and shape, those next to furrow largest 
and usually four-sided, the others less regular, four- or five-sided. 
The series next to the adambulacrals extends slightly beyond the 
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middle of R, or to the fifteenth (or sixteenth) inferomarginal, the 
plates having upward of 6 small pedicellariae each, with a few 
scattered over the rest of the area, and the marginal granules are 
similar to those of the marginal plates. 

Adambulacral plates with an angular furrow face deep in fur- 
row, the margin varying from a slightly convex contour to a slight 
compound curve, or a shallow angle near the adoral end or anywhere 
between the adoral end and middle. On the outer part of the ray 
the plates are evenly convex on the margin, the convexity of oppo- 
site plates meeting in the middle of ray and separating consecutive 
pairs of tube feet. Furrow comb consisting of proximally 6 to 8, 
farther along ray 9 to 11, short, blunt, granuliform, subequal spine- 
jets, the mesial more or less compressed with edge to furrow, the 
lateralmost somewhat thicker and prismatic or flattened with side 
to furrow. On the outer fourth of ray the furrow spinelets are 
again reduced to 6 to 8 and at the tip to 4 or 5. Border of plate 
with a row of unequal subconical immersed granules, and surface 
with several, usually forming a longitudinal series spaced from 
furrow comb. One to 3 small pedicellariae usually present, often 
taking the place of several granules, being surrounded by a smooth 
area. They are slightly larger than actinal intermediate pedicel- 
lariae and have 2 or 8 similar jaws. Far along the ray the aboral 
granule or spinelet of the furrow series is considerably enlarged 
over the others. This gradually becomes the tubercular spine 
(though very small) characteristic of the distal plates of many 
genera of Goniasteridae. It functions as a sort of operculum to 
protect the tube feet. 

Mouth plates small, rather evenly triangular, the straight furrow 
margin with 7 to 9 furrow spines, the 2 inner enlarged, heavy, com- 
pressed, prismatic, sometimes unequal, either round-tipped or bluntly 
pointed. Suboral granules 20 to 25 immersed, close-set, the row ad- 
jacent to furrow slightly the heaviest. 

Madreporic body hexagonal, surrounded by 6 plates, with coarse 
irregular ridges radiating from center. In the cotype the striae are 
fine, very meandering, and interrupted, but in the type are fairly 
straight. 

Anatomical notes—Gonads, a large cluster on either side of the 
membranous interradial septum, the aperture about 10 mm. from 
inner edge of marginal plates and 5 mm. from interradial septum. 
Polian vesicles, 1 in each interradius. 

Type.—Cat. No. 28658, U.S.N.M. 

Type-locality.—Station 5272, western Luzon, 25.5 miles southwest 
Corregidor Light (lat. 14° N.; long. 12° 22’ 30’’ E.), 118 fathoms, 
mud, shells, coral sand, bottom temperature 57.4° F. 

Distribution—Off western Luzon, 114 to 118 fathoms. 
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Specimens examined.—Two, the type and a specimen from sta- 
tion 5273, off western Luzon, 27 miles southwest Corregidor Light, 
114 fathoms, mud, shells, and coral sand. 

Remarks.—Dorigona pentaphylla Alcock from 271 fathoms, Anda- 
man Sea, is closely related to the present form. Although no figures 
have been published, I think there is little doubt that the two are 
congeneric, and possibly even conspecific. 

LITHOSOMA PENICHRA Fisher. 
Plate 76, fig. 2; plate 77, fig. 1; plate 84, fig. 6; plate 85, fig. 1; plate 93, 
figs. 6, 6a—b. 
Lithosoma penichra F1isHErR, 1917)b, p. 90. 


Diagnosis —Differing from L. actinometra in having slenderer, 
longer rays, narrower marginal plates, restricted petaloid papular 
areas, and more angular furrow margin to the adambulacral plates, 
the consecutive pairs of tube feet being separated, beyond base of 
furrow, as in Nymphaster; surface of plates and encircling granules 
as in L. actinometra; width of ray at proximal end of first pair of 
superomarginals (fifth), which meet medially equal to length of 
first 3 or 82 superomarginals measured on ambitus (5 in ZL. actino- 
metra). R=86 mm., r=21 mm., R=4-++r; breadth of ray at inter- 
radius, 24 mm., at proximal end of fifth superomarginal, 9.5 mm. 

Description.—Abactinal plates similar to those of L. actinometra 
except that the median radial plates are wider than long, and to a 
slighter extent the distal adradials also. The pedicellariae are rela- 
tively larger, the combined jaws when open being one-third to one- 
half the diameter of plate, and each jaw is as broad or broader at 
base than one of the marginal granules, while in actinometra a 
granule is two or three times as broad asa pedicellaria. Even though 
the type of actinometra is very much larger than that of penichra, 
the abactinal pedicellariae are slightly smaller. The papular areas 
are petaloid and in extreme width comprise 9 longitudinal rows of 
shghtly elevated plates, leaving a narrow triangular area of flat 
plates (of about 5 chevrons) free from papulae. Each radial plate 
has from 15 to 25 four-sided marginal granules flush with the level 
of the plate. The granules on the corners of the plate are larger 
than the others. The edge of the plate is sometimes slightly uneven, 
sometimes very straight. 

From the coelomic side of the abactinal integument the plates 
are arcuately hexagonal with truncate corners (or have short trun- 
cate lobes) between which are the circular papular pores. The 
plates fit tightly together by the lobes, and the surface is strongly 
convex—very similar to that of Z. actinometra. In the interradial 
areas and center of disk the hexagonal plates fit tightly together 
and are without lobes. 
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Superomarginals 31 or 32 in number, rather narrow, forming a 
bevel in the interbrachia, and sloping slightly on the basal part of 
ray, the border of the ray being gradually rounded and the lateral 
face of plate low and not sharply marked off from the dorsal. Ex- 
treme width of first plate equal to or slightly more than length 
(about twice length measured along inner margin of plate in ZL. acti- 
nometra) ; extreme width of fifth plate (meeting medially its fellow) 
equal to length of fifth and sixth, measured on ambitus (in L. actt- 
nometra corresponding plate equal to nearly 3 plates). Superomarg- 
inals of Z. actinometra all wider than long, but in L. penichra a 
variable number on outer part of ray slightly longer than wide, and 
all along ray the plates are narrower than in actinometra. Pedicel- 
lariae few. The distal third or half of the ray lacks granules on 
the transverse margins of plate; and also to a variable extent the 
granules are absent along the median suture and outer margin. (In 
L. actinometra the last few plates only may lack marginal granules 
cn all but the outer margin.) Terminal plate slightly wider than 
long, or as wide as long, tubercular, with an obtuse extremity. 

Inferomarginals narrow, except interbrachially, and extending 
laterally a trifle beyond superomarginals. ‘They are as wide as long, 
or a little wider than long, up to the fifth or sixth. The specimen 
from station 5510 has shorter plates, so that the length does not 
equal width until the middle of ray, or beyond. At middle of ray 
17 or 18 adambulacrals correspond to 10 inferomarginals. Pedicel- 
lariae scattered along both ventral and lateral surfaces of plates, 
very variable in number, and usually few. 

Actinal intermediate areas as in ZL. actinometra, but the pedicel- 
lariae fewer and relatively larger. There are about 6 chevrons of 
plates, but with the exception of those adjacent to adambulacrals they 
are rather irregularly arranged. 

Adambulachral plates longer than wide, with angular furrow mar- 
gin (except first 3 to 5 plates), the aboral facet of the apophysis con- 
cave and slightly longer than the adoral, which is slightly convex. 
Furrow spinelets 5 to 7 on the first few plates, increasing to 9 or 10 
farther along ray, the mesial spinelets compressed, prismatic, blunt, 
the laterals broader. The 2 aboral members are the broadest, and 
have a blunt lanceolate contour, and serve, with the adjacent enlarged 
adoral spinelet of the succeeding plate, as an opercular covering for 
the tube feet. In the type there is a distinct interval without spine- 
lets on the aboral facet of the apophysis, the 1 or 2 distalmost spine- 
lets of the series being separated from the rest. Near the center of 
plate is a pedicellaria, with 2 or 3 broadly spatulate jaws, becoming 
narrow on outer part of ray. Outer margin of plate, with 5 or 6 
convex granules larger than those of intermediate areas; and 2 or 3 
form a series with the pedicellaria. Whenever the pedicellaria is 
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lacking there are 2 series of granules, or sometimes 2.5. In ZL. actino- 
metra the pedicellariae are much smaller, and usually 2 or 3 to a plate, 
the jaws being much less than half the length of the furrow spinelets, 
but in LZ. penichra, despite its smaller size, the pedicellariae are 
actually larger, with jaws nearly or quite as long as the furrow 
spinelets. 

Mouth plates with 7 or 8 four-sided, beveled, chisel-shaped furrow 
spines, becoming heavier and prismatic at inner end of series, and 
about 8 granules following the other 2 sides. 

Madreporic body pentagonal, surrounded by 5 plates and situated 
one-third distance from center to marginal plates. 

Gonads situated as in Z. actinometra. 

Type.—Cat. No. 87004, U.S.N.M. 

Ty pe-locality.—Station 5528, between Siquijor and Bohol Islands, 
439 fathoms, globigerina ooze, bottom temperature 53.3° F. 

Distribution—Mindoro to Mindanao, 283 to 439 fathoms, globi- 
gerina ooze and mud, temperature range 53° to 53.3° F. 

Specimens examined.—In addition to the type, 13 from the follow- 
ing stations: 

Station 5123, east coast of Mindoro, 283 fathoms, green mud; 1 
specimen. 

Station 5388, between Burias and Luzon, 226 fathoms, soft green 
mud, bottom temperature 51.4° F’.; 11 specimens (1 with 4 rays). 

Station 5510, Iligan Bay, north coast of Mindanao, 423 fathoms, 
gray mud, fine sand, bottom temperature 53° F.; 1 specimen. 

Remarks.—lIt is not possible, with the limited amount of material, 
to decide whether this form is a distinct species or a deep-water race 
of LZ. actinometra. The differences between the specimens have been 
indicated in the diagnosis and description. 

This species greatly resembles a slender-armed Vymphaster, with- 
out granules on the surface of the plates. The “ mimicry ” goes even 
10 the characteristic angular margin of the adambulacral plates, with 
the angular furrow series separating consecutive pairs of tube feet, 
and to the form of the abactinal, marginal, and actinal intermediate 


plates. 
Genus ICONASTER Sladen. 


Iconaster SuavEN, 1889, p. 261. Type, Astrogonium longimanum Mobius. 
ICONASTER LONGIMANUS (Mobius). 
Plate 77, fig. 2; plate 83, fig. 5; plate 93, fig. 2, 2a; plate 104, fig. 3. 
Astrogonium longimanum Mostus, 1859, p. 7, pl. 1, figs. 5, 6. 
Iconaster longimanus SLADEN, 1889, p. 261. 

Notes on Philippine spectmen—R=40 mm., r=12 mm., R=3.3r. 
The specimen is immature, since the gonads have not yet appeared. 
The abactinal plates are dark brown, bordered by lighter granules, 
the marginal granules on the radial areas being ivory white. The 
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median radial plates and 2 parallel series on either side lack gran- 
ules on the transverse margins, those on the lateral margins being 
correspondingly enlarged and acting as an opercular cover to pro- 
tect the underlying papulae. The other plates, of which the pri- 
mary basals are largest, are bordered by a complete series of small 
oblong granules flush with the surface, those at the corners more or 
less enlarged and opercular. The surface of the plates is rough- 
ened by numerous uniform, spaced, low, minute, blisterlike bosses, 
the same occurring on the central portion of the marginal plates. 
Madreporic body surrounded by 8 plates. From the coelomic side 
the plates are flat and have 6 truncate lobes which meet but do not 
overlap those of neighboring plates, the lateral lobes being best 
marked, that on the distal and proximal margins being shorter, 
often incipient. Papulae 6 about a plate. Superomarginals 14, the 
third meeting its fellow medially (sixth in Déderlein’s Thursday 
Island specimen; see 1896, pl. 18, fig. 33). These first 3 plates are 
of nearly uniform width; they do not increase in size as in Litho- 
soma and Astroceramus (usually). Tach interradial pair of plates 
is dark brown, while others irregularly along the ray are similarly 
colored. Actinal intermediate plates surrounded by flat granules 
and arranged in 8 chevrons with 1 or 2 extra plates next to margin 
interradially. 

The adambulacral armature consists of granules graded in 
size from outer margin to the 4 short, blunt, subprismatic, almost 
granuliform furrow spines. The latter are in curved series, the 
distal end overlapping the proximal end of the succeeding series. 
Back of these are 2 crowded series of 3 or 4 granules each; then 
(on the proximal plates) a small oval bare spot, followed, on the 
outer part of plate, by 5 or 6 small granules like those of the inter- 
mediate plates. The subambulacral spines do not become enlarged 
and tubercular on the outer part of the ray as in Astroceramus and 
Lithosoma. The granules of the mouth plates also have the closely 
banked arrangement, 7 or 8 standing on margin, and the inner only 
a trifle enlarged. There is no sign of any pedicellariae on the 
specimen. 

Distribution—East Indies and northern Australia: Malacca, Bil- 
liton, Jolo, Aru Islands, Thursday Island (off Cape York, Aus- 
tralia), Percy Island (Queensland). 

Specimen examined.—Station 5174, 2.6 miles west of Jolo Light, 
Jolo, Sulu Archipelago, 20 fathoms, coarse sand; surface tempera- 
ture, 82° F. 

Remarks.—In a recent paper on Australian echinoderms, Dr. H. L. 
Clark, 1916, p. 86) contends that this species should be called Dord- 
gona longimana for the following reasons: Dorigona as diagnosed 
by Gray in 1866 included two species—D. reevesit and D. longimana 
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(=Astrogonium longimanum Mobius). The first species is held, 
without dissent, to be synonymous with Goniodiscus capella Miiller 
and Troschel, 1842, which in 1865 had been made the type of 
Ogmaster by von Martens. In 1889 Sladen made the second 
species—namely, LD. longimana—the type of Jconaster. Doctor 
Clark states that Gray designated no type, and that since D. reevesit 
is invalidated by having been made under another name, the type 
of Ogmaster, “ Dorigona longimana (Mobius) must be the type of 
Dorigona.” If this were correct, 7conaster would naturally be a 
name of later application. 

The original description of Gray (1866, p. 7) is as follows: 

V. Dortcona. Body depressed, 5 rayed, smooth; the dorsal and oral disk 
covered with many smooth, flat, polygonal squares; the marginal ossicules 
without any mobile spine. 

1. Dorigona reevesii (T. 7, f. 3). Inhab. China or Japan; common in boxes 
of insects brought from China and Japan. 

See a. Dorigona longimana=Astrogonium longimanum, Mdbius, Abhandl. 
EV. (A860) iy td) if. 5, 6: 

The only species in the British Museum was evidently D. reevesii, 
Which is also the one formally listed, and hence automatically the 
type. The reference to D. longimana seems to be casual, an “ aside,” 
such as Gray frequently indulged in, as, for example, on the same 
page under Stellaster. Here we find “1. Stellaster Childreni,” fol- 
lowed by “See a. Asterias equestris Retz. * * * 06. Stellaster 
gracilis Mobius.” We know that the first species is the type, because 
the genus was described monotypically in 1840. Gray naturally 
chose a species with which he was personally acquainted. 

The following observations are pertinent in judging the merits of 
this case: 

1. A species doubtfully referred to a genus can not subsequently 
be made its type, especially in place of a figured or described species 
upon which the generic name appears to be based (D. reevesii). 

2. The first reviser of a genus can not revise the genus before it is 
described. In other words, what von Martens in 1865 did with 
Goniodiscus capella does not have a revisional effect on Dorigona 
reevesti (the same species) in 1866. Whoever comes after Gray must 
choose the type of Dorigona upon the data submitted by Gray, not 
upon what von Martens thought or did before Gray’s genus was 
published. This answers Dr. Clark’s statement that D. reevesii is 
invalidated for the type-species of Dorigona by having already been 
made the type of Ogmaster. 

3. Since Sladen eliminated D. longimana by making it the type of 
Tconaster, he became the first reviser, and automatically fixed the 
type of Dorigona as D. reevesit. No one is at liberty to change this 
type. The type of Dorigona is D. reevesii, first, because it is the 
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only species listed formally “ without doubt,” and, second, because the 
first reviser so fixed it by the simple process of removing the second 
species from the genus. 

Dorigona is, therefore, a straight synonym of Ogmaster, and [con- 
aster is a tenable name for Astrogonium longimanum. 

Dr. David Starr Jordan concurs in this view. 


Subgenus GLYPHODISCUS Fisher. 


Glyphodiscus F1sHer, 1917e, p. 1738. Type, Iconaster perierctus Fisher. 
Diagnosis— Differing from /conaster s. s. in having conspicu- 
ously elevated and rough superomarginal plates; a complete series 
of peripheral granules on the abactinal plates, which, moreover, are 
perfectly smooth, lacking the tiny blisterlike bosses of /conaster; a 
less compact adambulacral armature. 


ICONASTER PERIERCTUS Fisher. 
Plate 79, fig. 4; plate 81, fig. 83; plate 83, figs. 2, 3; plate 93, fig. 1, 1a. 
Tconaster perierctus FISHER, 1913a, p. 642. 


Diagnosis —Differing from /. longimanus in having more elevated 
and rough superomarginals; all the abactinal plates perfectly smooth 
and with a complete series of peripheral granules; a less compact 
adambulacral armature with fewer spines and granules. R=23 mm., 
r=10 mm., R=2.3 r; breadth of ray at inner end of third supero- 
marginals, 6 mm., or the length of the first 3 superomarginals meas- 
ured on ambitus. Superomarginals tabulate, separated by conspicu- 
ous grooves, the surface having irregular elevations but no granules 
nor blisterlike minute bosses; beyond the second plate they are 
united on the median line of ray; abactinal area sunken, the plates 
perfectly smooth with a single peripheral series of granules largest 
on the radial papular areas; peripheral plates tumid, the others 
slightly swollen, with a plane surface, but not tabulate; plates of 
center of disk very conspicuously the largest; inferomarginal plates 
tumid, the first 3 or 4 perfectly smooth, the remainder with slight 
roughening; actinal intermediate plates in 3 chevrons, smooth, with 
a single peripheral series of oblong granules; adambulacral plates 
small, wider than long with 8 or 4 small, stubby, furrow spinelets and 
following these, 2 shorter, compressed, flat-sided granules, the outer 
part of the plate being occupied by 4 or 5 small prismatic granules. 

Description —Abactinal area pentagonal, slightly produced at the 
corners and sunken below the level of the marginal plates. The 
plates are perfectly smooth, without the tiny blisterlike elevations 
of J. longimanus, Astroceramus, and Lithosoma. Five large hex- 
agonal plates symmetrically arranged in a quincunx in the inter- 
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radial regions, as well as all the plates immediately adjacent to the 
superomarginals (including 4 or 5 distal median radial plates) are 
distinctly tumid either in the middle or over the whole surface. 
Three of the above-mentioned interradial plates nearest center of 
disk have the convexity in the form of a low mamelon in the middle 
of the plate. A circle of 10 plates, including the 5 primary basals 
(the largest plates), encloses a stellate area comprising a central 
and 5 “infrabasal” plates with a small extra plate between 2 infra- 
basals. Outside the circle of basals and “infraradials” is a very 
regular circle comprising 15 plates—-5 pairs of large subhexagonal 
plates abutting against the still larger basals and each with a low 
central convexity. Between each pair is the broadly oval primary 
radial plate, from which proceeds a very regular series of 8 or 9 
radial plates, that adjacent to the primary radial being abruptly 
smaller, the rest increasing in size distally. These and a parallel 
similar adradial series are margined by subtruncate finger-nail- 
shaped granules which are set slightly below the general level of 
the plates, and which arch over conspicuous intervals between the 
plates, and hide the papulae beneath. The other plates are bor- 
dered by smaller, very narrow, elongate granules, with a straight 
outer edge and set a trifle below the level of the surface, for all the 
plates are very slightly swollen, although the general surface may 
be plane. The plates of the radial areas, including the midradial 
and 2 series on each side, are the smallest and have the largest 
peripheral granules. The papulae are distributed all over the disk, 
except 1 chevron of large interradial plates. 

The plates of the radial areas are 6-lobed, the 2 lateral lobes of 
each side being the most prominent, bent slightly downward and 
overlapping a trifle the lobes of adjacent plates. The distal and 
proximal lobe is really only incipient, truncate, and tightly joined, 
end to end, with the next plates. Coelomic surface plane or slightly 
concave, not convex, as in Lithosoma. 

Superomarginals 7 or 8 to the ray, very massive, conspicuously 
elevated or tabulate, with an uneven surface much as in Astro- 
ceramus sphaeriostictus, the interval between the plates being a 
rather deep sulcus. <A similar sulcus follows the midradial line, 
as the third superomarginal meets its fellow medially, and the re- 
mainder of ray is composed of superomarginals only. Seen from 
above, the first 2 plates are slightly wider than long and nearly of 
a size, but from this point they gradually, but rather rapidly, de- 
crease in size, the outer plates being a trifle longer than wide or 
the 2 dimensions equal. Despite the unevenness of the plate, sug- 
gesting strongly the condition of Astroceramus sphaeriostictus, 
there are no granules such as are present in that species, but there 
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is a single marginal series of small elongate 4-sided granules over- 
hanging and closing a very narrow groove or channel. A very few 
plates have a tiny 2-jawed narrow spatulate pedicellaria near the 
inner margin. Terminal plate wider than long, rather large, tuber- 
cular, and cordiform, the surface roughened by minute elevations, 
but without granules. 

Inferomarginals corresponding to superomarginals and much less 
tumid, the surface being smooth and without irregular roughening 
or elevations (except on the last 3 or 4 plates). The plates form a 
rounded margin to the ray, the actinal surface being wider than the 
lateral, and as seen from below the first plate is a trifle wider than 
long, while the remainder are a trifle longer than wide. Marginal 
granules similar to those of superomarginals. 

Actinal intermediate plates squarish, smooth, very slightly tumid, 
arranged in 3 chevrons with an extra plate adjacent to marginal in- 
terradially. The interradial plate at the apex of the 2 outer 
chevrons is the largest of its series, but the innermost chevron has 
small paired plates behind the mouth plates. What appears to be 
the odd interradial of that chevron is really the second enlarged plate 
in the left arm of the chevron, the corresponding right plate being 
small and wedged out of place. The former usually bears a slender 
spatulate pedicellaria. The plates are all margined by oblong gran- 
ules in a single series. 

Adambulacral plates small, wider than long, with proximally a 
slightly convex furrow margin which becomes distally more convex. 
Furrow spines small, 3 or 4, about as large as the plate, thick, sub- 
truncate, and crowded. Near the end of the ray these are reduced 
first to 2 (of which the aboral is the larger) and finally to 1. Back 
of these are 2 shorter compressed, rounded or subtruncate granules, 
as wide or wider than high, with flat side to furrow and occupying 
the whole length of the plate. These are followed by 4 or 5 smaller 
prismatic granules, in 2 series, or simply bordering the small plates 
so that they appear in 2 series. The small distal plates which have 
only 1 furrow spinelet, have usually 1 subequal, subambulacral spine- 
let with 1 to 3 additional granules. Although the subambulacral is 
slightly enlarged over the furrow spines at the end of the ray, it is 
not markedly so, and would not naturally be considered as an en- 
larged spine. Instead of the adoral granule of the first series, a few 
plates bear a pedicellaria with 2 spatulate smooth jaws which open 
across the plate, the outer jaw reaching the marginal granules. 

Mouth plates small, flat, triangular, with a straight furrow margin 
having 6 spinelets, the inner 2 compressed and enlarged. Suboral 
granules, a series of 4 parallel with the furrow series and similar to 
the subambulacral; back of these, a series bordering the median and 
outer suture, similar to the outer granules of the adambulacrals. 
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Madreporic body small, situated one-third of r from center, and 
surrounded by 3 large plates. 

Gonads in a single cluster on either side of the membranous inter- 
brachial septum. 

Type—Cat. No. 30554, U.S.N.M. 

Type-locality.—Station 5166, 4.6 miles southeast of Observation 
Island, Tawi Tawi Group, Sulu Archipelago, 97 fathoms, coral 
sand, bottom temperature 69.4° F.; 1 specimen. 

Distribution.—Known only from the type-locality. 

Remarks.—The generic position of this species is very puzzling. 
The dorsal skeleton and the very tumid roughened superomarginals 
would ally it to Astroceramus. But the actinal intermediate plates 
are like those of Jconaster and Lithosoma, being without central 
granules. The adambulacral armature is similar to that of Jcon- 
aster, while suggesting Astroceramus in the slightly more differ- 
entiated inner subambulacral series and in the presence of a con- 
spicuous transversely oriented pedicellaria. To put these facts in a 
different way, J. perierctus differs from Jconaster in having the 
dorsal radial plates entirely surrounded by granules, and in having 
the tumid superomarginals roughened by uneven elevations (which, 
unlike those of Astroceramus, do not bear scattered granules). It 
differs from Astroceramus in lacking any trace of marginal and 
enlarged central actinal intermediate granules, in having the adam- 
bulacral armature graded from the short furrow spines to the outer 
granules, and in the absence of a conspicuously enlarged subambu- 
lacral spine on the outer part of the ray. 

The types of /conaster and Astroceramus are so distinct that I see 
no utility in merging the 2 genera. For the present, at least, I think 
it is better to regard the arrangement of the peripheral granules of 
the radial plates as of less than generic importance, and to rest the 
distinction between the 2 groups upon the difference in the adam- 
bulacral and actinal intermediate armature, as well as upon the 
absence, in /conaster, of granules on the marginal plates. 

Despite the small size of 7. perierctus, the gonads are well de- 
veloped. 

In the transactions of the Linnaean Society of London for 
1909-1910 (vol. 18, Zoology, p. 22), Bell diagnoses /conaster gardi- 
neri from Saya de Malha Bank, western Indian Ocean, 125 fathoms. 
I have examined the type at the British Museum. It is a typical 
Nymphaster related, perhaps, to V. dyscritus Fisher. 


Genus ASTROCERAMUS Fisher. 
Astroceramus FisHEr, 1906, p. 1056. Type, A. callimorphus Fisher. 


Diagnosis.—Related to Iconaster Sladen, but differs in having the 
marginal plates beset with rather coarse, deciduous granules; in hav- 
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ing central tubercular granules on the actinal intermediate plates, 
and in having the furrow spines stout, often compressed, few in 
number, with 1 to 3 more or less swollen, enlarged, subambulacral 
spines. Pedicellariae spatulate, entrenched, usually with denticulate 
jaws. In addition typical species have the proximal superomarginal 
plates, increasing in size up to the third, thence decreasing, the third 
or fourth meeting its fellow medially, the ray being composed, dor- 
sally, of the superomarginals only. 


SYNOPSIS OF THE SPECIES OF ASTROCERAMUS HEREIN DESCRIBED. 


aw. Abactinal plates perfectly smooth, without pedicellariae or central granules; 
granules of superomarginal plates on edge of ray only; subambulacral pedi- 
cellariae few; furrow spines proximally strongly compressed. 
lionotus, p. 310. 
a. One or two, rarely upward of 5, acorn-shaped, tubercular granules on the 
middle of the abactinal plates; numerous abactinal broadly spatulate 
pedicellariae; superomarginal granules scattered over surface of plate; 
subambulacral pedicellariae more numerous; furrow spines proximally 
slender, but markedly compressed________________ sphaeriostictus, p. 3138. 


ASTROCERAMUS LIONOTUS Fisher. 
Plate 81, fig. 1; plate 82, fig. 1; plate 84, fig. 3; plate 94, figs. 2, 2a. 
Astroceramus lionotus FIsHErR, 19138a, p. 648. 


Diagnosis Similar in appearance to A. callimorphus but differ- 
ing in having less tumid marginal plates, especially on the ray, 
slightly smaller abactinal plates, and very strongly compressed, 
bladelike, subtruncate furrow spines; subambulacral pedicellariae 
slenderer and longer than the actinal intermediate pedicellariae, not 
similar to them. R=79 mm., r=22 mm., R=3.6 r; breadth of ray 
at inner end of first pair of superomarginals which meet medially 
equal to length of first 33 or 4 superomarginals measured on ambitus; 
thickness of disk interradially equal to length of 14 adjacent supero- 
marginals. Abactinal plates flat, smooth, except for minute hyaline 
bosses, and bordered by small granules flush with the general sur- 
face; superomarginal plates massive, increasing in size up to the 
third or fourth, which meet medially; margin of ray forming an 
abrupt right angle, with uneven elevations bearing scattered de- 
ciduous granules, these encroaching upon surface of plates inter- 
radially; a few marginal sugar-tongs pedicellariae; inferomarginals 
slightly and unevenly tumid, with upward of 30 deciduous granules; 
marginals bordered by a moniliform series of small granules; actinal 
interradial areas very similar to those of A. callimorphus; furrow 
spines 4 or 5, compressed, and widened at tip; subambulacral spines 
2 or 3, heavy, with proximally, between them a slender spatulate two- 
jawed pedicellaria; on outer part of ray subambulacral spine single 
and much longer than furrow spines. 
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Description.—Abactinal plates perfectly flat, very close-set, hex- 
agonal to roundish-hexagonal, similar to those of A. callimorphus 
but smaller and slightly more numerous. Marginal granules small, 
with rounded or truncate distal margin, as wide as long, or longer 
than wide, and 380 to 35 around the larger plates. Surface of plates 
with numerous, spaced hyaline bosses or convexities considerably 
smaller than the marginal granules. Papulae all over abactinal sur- 
face, except a very small interradial triangle. 

Abactinal plates from the coelomic side, flat (not convex as in 
Lithosoma) those of the papular area having 6 lobes, which touch 
those of neighboring plates, the lateral lobes beng narrower than the 
proximal] and distal, these being sometimes suppressed, or represented 
by only a convexity on the edge. 

Marginal plates massive, both series with a right angle poteine 
the margin of ray, the lateral face of ray being vertical. Supero- 
marginals 19 or 20, increasing in size up to the third or fourth, 
which meet medially; thence the plates decrease in breadth rather 
more rapidly than in length. First plate dorsally about as wide 
as long, but the next 2 are increasingly wider than long. There is 
some variation in the length of the plates; usually the sixth is 
longer than wide, the length decreasing over the width gradually 
on the succeeding plates. Interradially and near the end of ray the 
lateral face is nearly as high as width of dorsal face; elsewhere a 
little less to a little more than half the width. Plates are smooth,, 
except for 8 to 12 depressed, subglobose, deciduous granules scat- 
tered on the margin of ray on slight, uneven elevations of the plate. 
In the interbrachia these scattered granules encroach upon the dorsal 
surface, and on outer third of ray are lacking. A few of the proxi- 
mal plates have an entrenched sugar-tongs pedicellaria with denticu- 
late spatulate jaws. Margin of plates with a regular moniliform: 
series of small pearl-shaped granules, much smaller than those on: 
the surface of plate; these are lacking on the last half dozen plates. 
Terminal plate large, tubercular, subtruncate, longer than wide, with 
2 granuliform tubercles at the tip. 

Inferomarginals narrower than superomarginals, and decreasing 
regularly in size from the first. Proximally they correspond to the 
superomarginals; at middle of ray they nearly alternate, and at the 
tip correspond again. The surface of plates (except last 7 or 8) 
is irregularly tumid and uneven, with proximally 25 or 30 scattered 
deciduous granules, decreasing in number distad, and becoming 
more and more confined to the lateral margin of the ray. The plates: 
are surrounded by a moniliform series of granules similar to those 
of the superomarginals, and on the ventral surface of the first 2: 
plates there is an entrenched sugar-tongs pedicellaria. 
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Actinal intermediate plates 4- or 5-sided, in 5 chevrons, the 
plates reaching to fourth inferomarginal, and isolated plates reach- 
ing to sixth. The plates are separated by shallow grooves and bor- 
dered by a single series of small subconical or acorn-shaped granules, 
considerably larger than those bordering the inferomarginals, the 
surface of plate carrying 1 to 5 larger, unequal, acorn-shaped or sub- 
globose scattered granules. A few of the plates adjacent to furrow 
have a spatulate sugar-tongs pedicellaria, which is guarded by 1 or 2 
granules, and the broadly spatulate denticulate jaws are dark brown 
at the tip. a 

Adambulacral plates considerably wider than long proximally, 
gradually narrowing until they are as wide as long, or sometimes 
on outer part of the ray longer than wide. Furrow spines 4 or 5, 
very strongly compressed and broad at the tip, which is roundly 
truncate, the edge being toward furrow. Spaced from these is a 
longitudinal series of 2 heavy, though proximally slightly shorter, 
clavate, blunt spines with sometimes a third smaller granuliform 
member at the proximal end of series. These spines are sometimes 
irregularly grooved, on the proximal plates. On the outer part of the 
ray the furrow spines become shorter, and the subambulacral spines 
are reduced to a single, heavy, tubercular, blunt, slightly tapering 
spine, longer than the furrow spines. The outer two-thirds of the 
plate is bordered by granules similar to those of the actinal inter- 
mediate plates, with 2 or 3 slightly larger acorn-shaped granules 
on the surface. A few of the proximal plates have, between the 2 
subambulacral spines, a pedicellaria with 2 rather narrowly spatulate 
jaws nearly or quite as long as the spines and opening on the trans- 
verse axis of the plate. The inside of the jaw is concave. 

Mouth plates slightly convex actinally with 9 or 10 strongly com- 
pressed furrow spines, the innermost very thin and broad at the 
tip, and sometimes concave on one side so as to appear scoop-shaped. 
Corresponding to the subambulacrals are 3 suborals, the outer part 
of the plate being margined by 8 or 9 granules. 

Madreporic body shield-shaped, surrounded by 5 plates of which 
3 are larger than itself. It is situated about one-fourth r from center. 
Striations fine, ridges coarse, interrupted. 

Color in alcohol, bleached yellowish. 

Gonads in a single tuft on either side of the interbrachial septum. 

Type—Cat. No. 80555, U.S.N.M. 

Type-locality— Station 5523, 6.7 miles northeast of Point Tagolo, 
northern Mindanao; depth and bottom not recorded; 1 specimen. 

Distribution—Known only from the type-locality. 

Remarks—This form is closely related to A. callimorphus Fisher, 
from 127 fathoms, between Maui and Molokai, Hawaiian Islands. 
The most obvious difference is in the adambulacral armature, the 
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furrow spines of Zéonotus being much compressed, broadened at tip, 
and with the edge to the furrow. The form and position of the 
subambulacral pedicellaria is also characteristic. The jaws are nar- 
rower than those of the actinal intermediate pedicellariae, being com- 
pressed, while in callimorphus the occasional subambulacral pedicel- 
laria is like those of the actinal intermediate plates. In callimorphus 
the madreporic body is surrounded by 3 large plates, and in Mionotus 
by 8 large and 2 small ones. 


ASTROCERAMUS SPHAERIOSTICTUS Fisher. 
Plate 81, fig. 2; plate 82, fig. 2; plate 84, figs. 4, 7; plate 94, figs. 1, la. 
Astroceramus sphaeriostictus KIsuER, 1918a, p. 644. 


Diagnosis—Similar in general appearance to A. lionotus, but 
differing in having 1 or 2, rarely upward of 5, acorn-shaped, tubercu- 
lar granules on the middle of the abactinal plates; numerous abacti- 
nal, broadly spatulate, or narrowly fan-shaped sugar-tongs pedicel- 
lariae; more numerous marginal granules, scattered over the entire 
surface of marginal plates; larger and more numerous actinal inter- 
mediate pedicellariae and coarser tubercular granules; more numer- 
ous subambulacral pedicellariae; proximally slenderer furrow spines; 
commonly only 1 larger subambulacral spine, or if 2, these frequently 
in a transverse series; slenderer oral spines. R=73 mm., r=22.5 mm., 
R=3.2-+tr; breadth of ray at proximal end of third pair of supero- 
marginals (which meet medially) equal to length of first 44 supero- 
marginals measured on ambitus. 

Description.—Abactinal plates of papular areas subcircular, or be- 
tween circular and hexagonal, becoming hexagonal on the interradial 
nonpapular areas, bordered by a single moniliform series of very 
small, thin granules which have a rounded outer edge on the papular 
areas and are more nearly straight-edged interradially. The center 
of the plate bears 1 or 2, or on center of disk upward of 5, broadly 
acorn-shaped, tubercular granules equal in diameter to about 2 mar- 
ginal granules, but very much more conspicuous, appearing from 
above like whitish globular beads, though in reality subconical. 
Many of the plates bear a conspicuous 2-jawed, broadly spatulate, 
entrenched pedicellaria, often close to a granule or between two. 
The jaws are often crenulate on the margin and about as high as 
the granule. The surface of the plate is roughened by very regular 
uniform blisterlike convexities which have a subhyaline appearance. 
Papular areas include the center of disk and petaloid radial areas 
comprising about 7 rows of plates. The papulae are crowded, there 
being as many as 8 around some of the plates. It should be noted 
that the abactinal plates are arranged in regular series parallel to 
the median radial. 
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Superomarginals, 18 in number, are massive and in form are much 
as in A. léonotus, but more tumid interradially. They increase in 
size up to the third, which is very broad and meets its fellow inter- 
radially, thence they decrease rather rapidly in width, the first plate 
and the fifth being about as long as width of dorsal surface, the sixth 
and succeeding plates being a little longer than wide. The plates are 
bordered by a moniliform series of tiny elongate granules, and the 
surface igs tumid, and marked by uneven elevations bearing deciduous 
spherical granules singly, in groups, or in irregular lines, these being 
all over the surface but most numerous on the rounded margin of ray. 
The interbrachial plates are most tumid and have the most numerous 
granules (upward of a hundred). Far along ray the plates are not 
very tumid, but have slight uneven eminences and granules scattered 
all over the surface. On the ray of A. lionotus the granules are only 
on the edge, not scattered all over the plate. The longitudinal 
suture along the side of ray, as well as the transverse sutures, are at 
the bottom of a shallow sulcus, due to the tumidity of the plate. No 
superomarginal pedicellariae. Terminal plate large, as broad as 
long, with several tubercular granules on the blunt, rounded tip. 

Inferomarginals smaller than superomarginals and decreasing 
regularly in size, being longer than wide beyond the fourth. They 
torm a tumid ventrolateral ridge all along the ray and each plate is 
independently tumid, and provided with irregular eminences crowded 
with lines of spherical granules, as in the case of the supero- 
marginals. The first 5 or 6 plates, with an occasional omission, have 
on the ventral surface or rounded margin a pedicellaria, with fan- 
shaped jaws, guarded on either side by a prominent granule. The 
plates are margined by small elongate immersed granules, which 
overhang a narrow sutural groove. Interradially the plates as seen 
from the side are nearly as thick as the superomarginals, but they 
rapidly become smaller beyond the middle of ray. Ten infero- 
marginals nearest middle of ray corresponding to 30 adambulacrals. 

Actinal interradial areas similar in appearance to those of A. calli- 
morphus and A. lionotus, but pedicellariae more numerous and larger 
than in the latter and about the same size as in callimorphus. Plates 
with 4 unequal sides, in 5 chevrons, with an unpaired plate at the 
apex of each and an extra plate or two interradially adjacent to 
margin. They extend to the fifth or sixth inferomarginal with 1 or 
2 isolated plates reaching the eighth. They are bordered by small, 
unequal, slightly compressed, subconical or subfoliaceous granules 
similar to those of A. Monotus, but a little smaller. Three to 5 or 
even 6 prominent tubercular acorn-shaped granules stand on the 
surface of the plate in a group, a line, or scattered. ‘These are a 
trifle larger than the abactinal granules, much larger than the mar- 
ginal granules, and slightly larger than the corresponding granules 
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of A. lionotus. Most of the plates adjacent to adambulacrals and 
upward of a dozen others in each area bear a large sugar-tongs pedi- 
cellaria, guarded by a special granule on either side. The 2 jaws are 
spatulate or narrow fan-shaped, with a denticulate rounded distal 
margin, or the expanded distal part may uarrow abruptly to widen 
slightly at the base. The depressions into which the jaws fit when 
open are very shallow and inconspicuous. 

Adambulacral plates wider than long and in the middle region of 
ray shorter than in lionotus (about 3 of Wonotus equaling 34 or 3% 
of sphaeriostictus. At the same time the inferomarginals of the 
latter are a little the shorter, so that in 10 inferomarginals there are 
about 30 adambulacrals in both species. Furrow margin slightly 
convex; furrow spines 4 or 5, slenderer proximally than in lionotus. 
On the first few plates they are slender, tapering and not at all or 
only a trifle compressed and shghtly swollen at tip. Throughout 
most of the ray they are shghtly to markedly compressed to a uni- 
form thinness, but either taper toward the point or flare slightly in 
the other dimension. The tip may be bluntly pointed or broad-trun- 
cate or rounded. Subambulacral spines 1 or 2, occassionally 3, heavy 
and clavate as in Vionotus, but proximally larger and (as in lionotus) 
frequently marked by shallow longitudinal sulcuses at the broadened 
end, which sometimes appears to be notched. Instead of forming a 
longitudinal series the spines usually, when there is more than one, 
stand in an oblique transverse series, the outer spine the shorter. 
The majority of plates have but 1 spine. Proximally the enlarged 
spine is as long as, or a trifle longer than, the furrow spines, but dis- 
tally is increasingly longer. A majority of the plates even on the 
outer part of ray (except perhaps the last 12 or 15) have a promi- 
nent pedicellaria just adorally to the subambulacral spine and behind 
the furrow series. The jaws are rather slender, slightly spatulate, 
and hollow interiorly, and the outer one when open folds into a 
shallow transverse depression reaching nearly to the outer margin of 
plate; the other jaw stands upright behind the furrow spines and is 
nearly or quite as long as they are. A similar but trifle smaller 
pedicellaria is found on a few of the proximal plates of A. lionotus. 
Outer part of plate with 7 or 8 unequal subconical granules. 

Mouth plates only a trifle convex, forming a salient angle which 
nearly closes the actinostome. Marginal spines 8, the outer slender 
and tapering, the inner 3 or 4 becoming gradually thicker and more 
compressed. ‘Two inner subambulacral spines slender and tapering; 
then in the same series parallel to furrow is a prominent two-jawed 
pedicellaria (similar to the subambulacral), followed by 1 or 2 
thicker spines, near the outer furrow corner of the plate. Six or 
7 spaced, unequal, tubercular granules follow the sutural margins of 
the plate. 
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Madreporic body surrounded by 5 plates, 3 of predominant size, 
slightly larger than in A. Kionotus, and with more numerous radiat- 
ing branched ridges. Three papular pores are found on the ad- 
central margin, and the surrounding plates bear 1 to 3 granules each. 

Type.—Cat. No. 30556, U.S.N.M. 

Ty pe-locality.—Station 5135, 11.9 miles northeast of Jolo Light, 
Jolo, Sulu Archipelago, 161 fathoms, fine coral sand, bottom tempera- 
ture 54.7° F.; 1 specimen. 

Distribution—Known only from the type-locality. 

Remarks.—This species differs from A. callimorphus and A. lio- 
notus in having prominent granules and pedicellariae on the abacti- 
nal plates, and differs further from the latter in several characters 
enumerated in the diagnosis. A. fishert Koehler, from 224 to 284 
fathoms between the Maldives and India, differs from A. callimor- 
phus, A. lionotus, and A. sphaeriostictus in having a larger disk 
and shorter rays, only 7 or 8 superomarginals being in contact medi- 
ally. Moreover, the superomarginals do not at first increase in size 
and then gradually decrease; they are very nearly of the same di- 
mensions up to the eighth, from which they diminish very rapidly. 
There are several differences in detail (see Koehler, 1909, pl. 2, figs. 
2 and 3). It is quite possible that fishert will prove eventually to 
be the type of a good subgeneric group, as there are now 3 well- 
marked species with the marginal plates of the type of callimorphus. 


Genus CALLIASTER Gray. 
Calliaster Gray, 1840, p. 280. Type, C. childreni Gray. 


CALLIASTER CORYNETES Fisher. 


Plate 86, fig. 1; plate 87, fig. 1; plate 93, figs. 5, 5a. 
Calliaster corynetes FisHER, 1918a, p. 644. 


Diagnosis—R=40 mm., r=15 mm., R=2.66 r; breadth of ray at 
base, 18 mm. Disk large, rays rather slender and blunt, the inter- 
brachia being wide and rounded. Marginals very massive, wider in 
outer part of ray than the abactinal area, very tumid, each bearing a 
very robust, rigid, blunt spine (2 on first plate), the general surface 
of the plates being smooth; terminal plate large with 5 heavy spines; 
inferomarginals with 2 stout spines and a few pedicellariae; abac- 
tinal plates smooth, bordered by a single series of flat, flush gran- 
ules, the 5 primary radials and 1 or 2 other radials, as well as the 
central plate with a heavy upright blunt spine, the remaining median 
radial plates and most of the larger plates of central part of disk with 
a central tubercular granule; numerous very broadly spatulate, folia- 
ceous pedicellariae; actinal intermediate plates each with a heavy 
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blunt spine (sometimes 2) and a broadly spatulate entrenched pedi- 
cellaria; adambulacral plates with a palmate furrow series of 5 to 7 
unequal, rather slender, more or less compressed spines, and distally 
1, proximally 2, heavy subambulacral spines, resembling those of the 
actinal intermediate plates. Differing from C. childrent in having 
much heavier marginal and actinal spines and numerous pedicel- 
lariae; from (. pedicellaris in having heavy actinal intermediate 
spines, more numerous and longer furrow spines, and prominent 
spines in the center of disk; from C. baccatus in having longer 
spines generally, numerous pedicellariae, more numerous furrow 
spines, and a few prominent abactinal spines, instead of tubercles 
all over the abactinal area. 

Description.—Abactinal plates subcircular, the median radial the 
largest and convex, the others slightly convex, and all surrounded by 
a peripheral series of depressed subtruncate, foliaeous granules flush 
with the surface and overlying the rather conspicuous intervals be- 
tween the plates. The apical area, enclosed by the primary radials 
and basals, contains smaller plates of two sizes in two circles sur- 
rounding the larger very convex central plate, which, like the slightly 
larger, but similarly convex primary radials, bears an upright rigid, 
robust, blunt tubercular spine 3.5 to 5mm. long, and at the base 
as thick as about half the width of plate. The following one or two 
plates, or the second following plate, bears a shorter but similar 
spine, while the remainder, with the exception of the last 5 or 6, 
have a central tubercular granule, decreasing in size distad. The 
radial plates inside the apical area, the primary basals, and a few 
neighboring plates of the disk also have a central tubercle. A num- 
ber of plates on the disk and proximal portion of rays—about 35 
in all—bear a pedicularia with two very broadly spatulate, entire, 
jaws which fit into well-marked depressions, when open. On some 
plates, when open, the jaws reach nearly across. Papulae large, the 
area including all the disk except a very narrow interradial portion. 
extending on the margin only to middle of the first plate, and the 
last six or seven abactinal plates. There are six around each plate. 
The abactinal area of the ray is narrow. From the third supero- 
marginal to the seventh there are only three longitudinal series of 
plates separating the marginals, and beyond the seventh only one, 
the width of the area here being less than that of the marginals. 

Superomarginal plates, 13, very tumid, and decreasing regularly 
in size, the first with two rigid tubercular spines in a transverse 
series, the others with one spine on the margins of the ray. The 
lateral face of the plate is about as wide as the dorsal. The spine is 
borne on the summit of a subtubercular tumidity and in height equals 
the distance between its base and the inner margin of plate. It is 
smooth, blunt, subeylindrical, very slightly tapering and constricted 
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slightly where it joins the plate. On the upper surface of the second 
or third to sixth or seventh plates is a small flat granule correspond- 
ing to the inner or dorsal spine of the first plate. One superomar- 
ginal has a lateral, broadly spatulate, pedicellaria. The plates are 
bordered by a single series of small elongate granules, similar to those 
bordering the abactinal plates, but longer. Terminal plate large 
and subglobular with 5 conspicuous tuberculate terminal spines, 
arising from bosses on the plate. These spines are longer than the 
distal superomarginal spines. 

Inferomarginals less timid than the superomarginals, with two 
tubercular spines slightly shorter than the superomarginal spines, 
in a transverse series. The upper or outer spine is proximally a 
little longer than the lower, but beyond the middle of ray is reduced 
to a small tubercle which is even lacking on the last two or three 
plates. The inner or lower spine retains its length to near the end of 
the ray, where it becomes rapidly shorter. These spines are either 
directed outward at a right angle to the body or bent toward the tip 
of ray. A small but variable number of plates bear laterally or 
ventrally a very broadly spatulate pedicellaria, and all are bordered 
by small elongate granules. The first plate usually, and the second 
plate exceptionally, has a tubercle or a granule, or two to four on 
the ventral surface. 

Actinal intermediate plates unequally 4-sided, in 3 chevrons, the 
plates reaching along ray, to the fourth inferomarginal and bear- 
ing 1, or sometimes 2, heavy cylindrical blunt spines, sometimes 
slightly flattened at the tip, a trifle slenderer than, but fully as long 
as, the longest inferomarginal spines. The plates are bordered by 
small granules similar to those of the marginal plates, but a little 
shorter. The free edge is convex or subtruncate. The spines are 
carried on a slight elevation or boss of the plate and at the base of 
the spine is a broadly spatulate pedicellaria, similar to those of the 
marginal and abactinal plates. The jaws are as wide as long dis- 
tally, and hollowed out, while proximally they narrow abruptly. 

Adambulacral plates a little wider than long, with a slightly con- 
vex furrow margin, bearing a palmate series of 5 to 7 very unequal, 
rather slender, blunt spines, sometimes slightly compressed, with the 
narrow side to furrow, or again with the broad side thereto. The 2 
or 8 median spines are the longest, while the 2 laterals on either 
side are successively shorter, all being bound together at the base 
by membrane. The lateralmost spinelet is usually very short. In a 
transverse series on the slightly convex actinal surface of the first 
13 to 18 plates are 2 blunt or truncate heavy spines like those of the 
actinal intermediate plates; beyond the thirteenth to the eighteenth 
plates there is but one spine. At the base of the furrow the inner 
of these 2 spines is slightly the larger and scoop-shaped at the tip, 
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the concavity being on the outer side. Soon these spines become 
blunt and cylindrical, though often a little flattened at the tip, and 
the series continues to the end of the ray, the spines becoming slen- 
derer on the outer part of the ray, although not decreasing in length 
until near the tip. The outer spine decreases in length, and beyond 
the thirteenth is very short, disappearing entirely at about the middle 
of ray. Along the proximal and distal margins of the plates are 3 
or 4 more or less pointed granules, and on the outer margin 1 or 2 
granules. 

Mouth plates rather narrow with 8 or 9 furrow or marginal spines, 
very short on the outer end of series and increasing rapidly in 
length toward the inner end, the 2 series of the combined plates be- 
ing webbed at the base and forming an angular group or comb clos- 
ing the actinostome. On all the plates but one there is a single 
upright, long, compressed, subambulacral spine, chisel-shaped at the 
tip. One plate has 2 such spines. They are similar to the subam- 
bulacral, but slightly heavier. The outer and sutural margins are 
surrounded by a single series of irregular subconical and convex, 
sometimes compressed, granules. 

Madreporic body convex, situated halfway between center and 
margin of abactinal area, surrounded by 5 plates only the 3 larger of 
which actually touch the madreporite. Ridges irregular, branching, 
without definite direction. 

Type.—Cat. No. 30557, U.S.N.M. 

Type-locality —Station 5280, between Lubang and Luzon, south of 
Manila Bay, 193 fathoms, gray sand; bottom temperature 49.6° F.; 1 
specimen. 

Distribution.—Known only from the type-locality. 

Remarks.—This species agrees with C’. pedicellaris Fisher of the 
Hawaiian Islands, and differs from (. childreni Gray of Japan, and 
C’. baccatus Sladen from Cape of Good Hope in having numerous 
broadly spatulate pedicellariae. Corynetes is probably most nearly 
related to pedicellaris, from which it differs in having very promi- 
nent spines in the center of disk (the scars of C. pedicellaris would 
indicate rather small tubercles) ; in having numerous abactinal and 
a few marginal pedicellariae, in addition to the actinal intermediate 
pedicellariae; heavy actinal intermediate spines; 5 to 7 instead of 
8 or 9 furrow spines, the laterals being very short instead of sub- 
equal to the mesial; pedicellariae which are very narrow at the base, 
the jaws being broad, orbicular, concave, and entire. 

Calliaster mamillifer Alcock? differs in having the superomar- 
ginals (6 in number) in partial contact across the distal third of the 
rays. These plates“ have the form of great globules, each surmounted 
centrally with a nipplelike spinelet,” while the inferomarginal plates 








1 Alcock, 18930, p. 172, pl. 8, figs. 3 and 4; Andaman Sea, 270-245 fathoms. 
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are long, broad, and tumid, and each bears near the suture line with 
the superomarginals, a row or a group of large coarse truncated 
spinelets.” Further, the adambulacral plates have only 4 furrow 
spines and a single “large, coarse, truncated ” subambulacral spine. 
No pedicellariae are mentioned. 


Genus ASTROTHAUMA Fisher. 
Astrothauma FisHemr, 1918a, p. 645. Type, A. euwphylactewm Fisher. 


Diagnosis—Differing from Calliaster Gray in having the last 
superomarginal plate much enlarged and in having the marginal and 
actinal spines with a roughened or thorny surface; plates smooth, 
bordered by a single series of granules, and with small 2-jawed 
upright pedicellariae; marginal and actinal plates with heavy, 
thorny, or roughened spines; prominent upright smooth or slightly 
eroded spines on center of disk and basal portion of ray; furrow 
spines numerous, small, in a close comb; subambulacral spines 2 or 3, 
large, rough, tapering, and sharp. 


ASTROTHAUMA EUPHYLACTEUM Fisher. 
Plate 86, fig. 2; plate 87, fig. 2; plate 938, figs. 7, Ta—c. 
Astrothauma euphylacteum FisHeEr, 1913a, p. 645. 


Diagnosis —Rays 5. R=86 mm., r=24 mm., R=3.5-+-r; breadth of 
ray at base, 27 mm.; thickness of disk at interradius, 8.5 mm. Disk 
fairly large; rays gradually tapering, rigid, blunt; abactinal plates 
smooth, bordered by a single series of granules; center of disk and 
proximal third of radial series with prominent, stout, sharp, upright 
spines and a few scattered small 2-jawed pedicellariae; superomargi- 
nals with the distalmost plate much enlarged and each with 2 or 3, 
abnormally as many as 5, prominent, sharp spines; inferomarginals 
with proximally 6 to 8 unequal, tapering, sharp, roughened, or 
thorny spines, becoming reduced to 4 at middle of series, then 3, 
and finally to 1 or 2 at end; actinal intermediate plates usually with 
a sharp thorny spine, at the base of which is a small blunt spatulate 
pedicellaria with 2 swollen jaws; adambulacral plates with 12 to 17 
small compressed furrow spines in a close comb, and 2 or 3 sharp, 
heavy, roughened, subambulacral spines in an oblique series. 

Description.—Abactinal plates roundish, broadly elliptical, or sub- 
hexagonal, those without spines smooth, slightly convex, and bor- 
dered by small flattish granules with a convex or subtruncate margin, 
the base being obscured by a very thin membrane. The central plate, 
the primary radials and basals (except one) and upward of 8 other 
median radial plates bear, on a convexity, an upright, tapering, sharp, 
heavy spine, the longest (on the primary radials and central plate) 
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about 7 mm. in length, and the surface slightly uneven or rugose, 
but without thorns or asperities. The radial series extends nearly 
one-half R, but the spines do not occur on all the plates, 1 to 3 un- 
armed plates being between the armed plates after the first 2 to 4 
spines which are on connective plates. There is a good deal of ir- 
regularity in arrangement. A few scattered plates, especially on the 
radial series, bear a small pedicellaria a little larger than a granule, 
with 2 oblong, round-tipped slightly swollen jaws, a little higher 
than wide. The plates with their granules are slightly spaced and 
are of a chocolate brown, sharply in relief against the dark reddish 
brown integument beneath. The plates are arranged in very regular 
series parallel to the median radial, which reaches as far as the en- 
larged distal superomarginals. The 3 prior superomarginals are sep- 
arated by the median radial plates only. 

The abactinal plates, from the inner side, are strongly lobed or 
stellate, the median radial or carinal plates being the largest, with 
6 to 8 subacute lobes, the 2 or 3 on either side being longer than the 
distal and proximal. The other plates are smaller, more or less 
convex, and with 6 lobes. The plates touch by the ends of the lobes. 
The papulae are distributed all over the disk and rays, and each plate 
is surrounded by 6 to 10 papulae, the latter number occurring around 
the proximal radial plates and the larger plates of disk. 

Superomarginal plates 15 or 16, massive and tumid, the proximals 
confined to side wall of the ray, the others gradually encroaching 
more and more upon the abactinal surface, until beyond the middle, 
the dorsal surface is slightly wider than the lateral. Proximally 
the extreme width of plate exceeds the length; then the 2 dimensions 
become equal; then the length slightly exceeds. The last 2 or 3, 
with the exception of the distalmost, are a trifle wider than long. 
The distal plate is enlarged and is as long or longer than the 2 
preceding plates combined. On one ray a much enlarged distal 
has opposite it 3 ordinary superomarginals, and on another ray 2, 
while 2 other rays have unequal enlarged distals. These enlarged 
plates are very characteristic of this form. Near the upper end of 
each superomarginal is a long, conical, rigid, usually sharp, out- 
standing spine, about as long as the width of its plate, the series 
extending to the end of ray. In a transverse line with this, on the 
Jateral wall of ray, is a shorter, horizontal, sharp spine, or 1 spine 
and 1 or 2 smaller companions irregularly placed. Two plates have 
4 spines on the lower part of the plate, while 2 others have 3 sub- 
equal spines in a transverse series, including the uppermost. The 
enlarged distal plate has 2 to 4 spines in a single longitudinal series. 
All these spines are prominent, but they vary in length. In general 
they become shorter distally. Many of the plates bear a small pedicel- 
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Jaria similar to the abactinal, near the base of one of the lower spines, 
and sometimes 1 or 2 little granules; otherwise the surface of plate 
is smooth, the margin being provided with a‘series of granules 
similar to those of the abactinal plates. Terminal plate large, tu- 
bercular, subglobose, acute proximally, showing scars of 4 to 6 
terminal tubercles. 

Inferomarginals forming a rounded margin to ray, individually 
tumid and decreasing regularly in size up to the last, the distal 
not being enlarged. Four or 5 distal plates correspond to the en- 
larged superomarginal. The first 5 or 6 plates are wider than long, 
while the others, except the last 3 or 4, are longer than wide. The 
proximal plates bear a central group of 6 to 8 spines, becoming re- 
duced to 4 at the middle of ray, then 3, and finally 2 or 1 on the last 
few plates. The spines are prominent, unequal, tapering, and sharp, 
the longest being 3.5 to 4mm. long. A peculiarity which they share 
with the actinal intermediate and subambulacral spines, is in being 
roughened by longitudinal rather irregular series of thorny ridges 
or protuberances, and the perfect spines end in several very short 
thorns or points. The protuberances on the sides of the spines vary 
considerably in form, being sometimes carinate, interrupted, ridges, 
and again formed like blunt rose thorns. The distalmost spines are 
nearly or quite smooth. Most of the plates bear 1 or 2 pedicellariae, 
similar to those of the superomarginals, and are bordered by a single 
series of small oblong semi-immersed granules similar to those of 
the superomarginals. 

Actinal intermediate plates in 3 chevrons, with an odd plate inter- 
radially adjacent to margin. The plates adjacent to adambulacrals 
are 6-sided or sometimes distally 4-sided and reach as far as the 
middle of the fourth inferomarginal. Nearly all the plates bear a 
central, tapering, sharp, thorny spine about as long as the infero- 
marginal spines, and at its base a small, blunt, spatulate pedicellaria 
with 2 swollen jaws, usually constricted at the middle, 1.5 to 2 times 
as high as wide. The plates are bordered by slightly convex, or 
flattish granules immersed in membrane. 

Adambulacral plates slightly convex, wider than long proximally, 
becoming as wide as long in middle of ray, and again wider than 
long at the tip. Furrow margin slightly convex, bearing a close 
comb of proximally 12 or 13 spinelets, increasing gradually to 16 or 
17 at the middle of ray. The small plates near the tip have a de- 
creasing number, the last 10 plates diminishing from 10 or 11 to 4 
or 5 spinelets. The spinelets are slender, compressed, blunt, close 
together, webbed for nearly half their length, and form a straight 
or slightly convex-edged comb, abruptly rounded at the corners, 
where 2 or 8 lateral spinelets, sometimes with the flat side to furrow,. 
become very rapidly shorter, so that the first and last spinelet is. 
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quite short. On the actinal surface in an oblique transverse series 
are usually 2, sometimes 3, large, tapering, pointed thorny or rough- 
ened spines, the longest 4.5 mm, and longer than the actinal inter- 
mediate spines. When there are 2, the spines are nearly equal and 
about as long as 2 plates. When there are 3, 1 is shorter, and instead 
of forming a straight series they stand often in a group. One plate 
has 4 spines. Most of the plates of the proximal two-thirds of ray 
bear an upright, entrenched pedicellaria with 2 or 3 subspatulate, 
often unequal, spiniform jaws, rather larger than the actinal inter- 
mediate pedicellariae, and situated usually just adorad of the inner 
subambulacral spine. The plate is bordered by convex granules 
covered by a thin membrane. The inner granule of‘the distal mar- 
gin is often conical and spiniform. 

Mouth plates triangular, the margin adjacent to first adambulacral 
slightly concave and about as long as that bordering the furrow. 
Marginal spines 15, all but the 2 innermost similar to the furrow 
spinelets. The innermost spine is abruptly enlarged, heavy, sub- 
prismatic, bluntly pointed; sometimes the second spine is slightly 
enlarged. In the middle of the actinal surface is a tapering, sharp, 
smooth, or slightly roughened suboral spine, or 2 such spines (5 plates 
having 1 and 5 plates, 2). A rather irregular series of convex gran- 
ules, larger than those bordering the adambulacrals, follows the 
outer and mesial margins of plate. 

Madreporic body rather large, situated one-third r from center 
and traversed by radiating branched ridges separated by fine striae. 

The upper end of each ambulacral ossicle is covered with small 
spiny projections and the free edge of the plate, between consecutive 
pairs of ampullae, is thin, serrulate, and bladelike, the serrations 
being a continuation of the spiny projections of the upper end of the 
plate. 

Tube-feet with a well-developed sucking disk. 

Color in alcohol, chocolate brown, lighter beneath, the integument 
between the abactinal plates being reddish brown. 

Type.—Cat. No. 30558, U.S.N.M. 

Lype-locality Station 5412, between Cebu and Bohol, 162 fath- 
oms, green mud, bottom temperature 54.8° F.; 1 specimen. 

Distribution.—Known only from the type-locality. 

Remarks.—This genus is virtually Calliaster with swollen or en- 
larged terminal superomarginal plates and thorny or roughened 
spines. The last character suggests Milteliphaster Alcock, which 
has the actinal spines ending in swollen bifid or multifid points. The 
structure of the actinal spines is apparently the only character which 
separates MMilteliphaster from Calliaster. In Astrothauma the 
roughened spines resemble those of certain cidaroids. The fact that 
the swollen terminal superomarginal may be replaced by 2 or 3 
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smaller plates, abnormally, does not invalidate it, in my opinion, as 
a generic character. A similar variation may occur in Pentagonaster 
Gray. The growth of the marginal plates must be different from that 
of Calliaster and Milteliphaster, where the superomarginals decrease 
in size regularly and gradually at the end of the series. 


Genus GONIODISCASTER Clark. 


Goniodiscaster H. L. Crarx, 1909, p. 110. Type, Goniodiscus pleyadella 
(Lamarck). 
GONIODISCASTER FORFICULATUS (Perrier). 
Plate 80, figs. 2, 3. 
Goniodiscus foryiculatus PERRIER, 1875, p. 234.—KoEHLER, 1910a, p. 61, pl. 7, 
hes: 7 2.and'siiplh dane: As plas; fics: 

Notes on Philippine specimens.—Koehler has very fully described 
and illustrated the specimens from India, and has noted wherein 
these depart from the types, of which he had photographs. He 
states that figures 2 and 3, plate 7,1 agree very closely with Perrier’s 
type. The two Philippine specimens also show close resemblance 
to these figures. 

Koehler writes that his specimens varied somewhat, and I have 
been able to compare the example from station 5159 with the Indian 
specimen from station 78, coast of Ganjam (Bay of Bengal, south 
of Puri), the latter example being now No. 2094, Museum of Com- 
paratize Zoology. This example shows a number of differences to 
the Philippine specimens, which will be noted below. 

Specimen from station 5159. R=37 mm., r=15 mm., R=2.4 r. 
The general features are sufficiently shown by the figures. The mid- 
radial line of plates is clearly distinguishable, almost conspicuous, 
as are also the double series of 3 plates (6 in all) extending from 
the “ primary basal” to the superomarginals. The median plate of 
each of these series is the largest, and the double series is common 
to a number of species of this genus. The midradial series of plates 
sometimes reaches the terminal plates, sometimes is prevented by the 
last pair of superomarginals meeting on the radial line. A single 
series of adradials usually extends as far as the third superomarginal 
from the end. A second parallel series, however, does not extend 
beyond the third superomarginal. The small globular and thimble- 
shaped granules are distinctly spaced, at least half the width of the 
granule, sometimes more, those on the midradial plates being smallest. 
The granules increase in breadth and length rather abruptly on the 
adradial plates, although the difference is not great. The marginal 
granules are lower and broader than the adradial and roundish or po- 
lygonal in outline. There are two kinds of abactinal pedicellariae— 





1 Koehler, 1910a, p. 61. 
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low bivalved, similar to those of Oreaster, lower than the granules 
and 2 to 2.5 times as long as broad. These occur also on the supero- 
marginal and actinal plates. The second sort are tong-shaped with 
spatulate jaws, 2 or 3 times as long as the granules, and occur on the 
adradial plates and second, adjacent, series. The papulae are well 
shown in Koehler’s figure 2, on plate 7. They extend nearly to the 
end of the ray and to center of disk, but are segregated more or less 
into 10 areas by the conspicuous double interradial series and the 
radial series of plates. All these 10 merge, however, with the circular 
area in center of disk (inside the circle of primary radial plates). 
The granules guarding the pores are slightly larger than those of 
the surface of the plate, but are not at all squamiform. The anal 
aperture is guarded by about 10 granules much larger than the 
others. 

Superomarginals, 12, tumid, the last 3 or 4 with a group of 
enlarged granules in the center. Terminal plate elongate, with a 
conspicuous blunt conical spine at the tip. The last 4 or 5 inferomar- 
ginals, as noted by Perrier, have a conspicuously enlarged granule 
in the form of a robust blunt tubercle near the aboral border of plate 
on the rounded ventrolateral angle. 

The actinal intermediate plates are clearly outlined and arranged 
in 3 chevrons, with 2 plates starting a fourth adjacent to the prox- 
imal inferomarginals. On the interradial line are 3 unpaired plates, 
the middle much the biggest. Granules, hemispherical to thimble- 
shaped, spaced one-half to three-fourths their own diameter apart. 

The adambulacral armature conforms to Perrier’s description, and 
is best shown by the figure. There are 6 furrow spines, webbed for 
half their length, usually 3 subambulacral spines, the median much 
enlarged, flattened, and subspatulate, and a row of 4 granules on 
the outer magin. At the adoral end of the subambulacral series, or 
between it and the outer series of granules, is a forceps or tongs 
shaped pedicellaria. 

Mouth plates with 9 marginal and 5 to 7 shorter subambulacral 
spines, back of which are about 7 granules, all these 3 series parallel. 
In the angle between the second row of granules of the combined 
plates are upward of 20 granules. 

The specimen from Ganjam, India, referred to above, differs in 
having 8 or 9 furrow spines, while the first series of subambulacral 
spines are 4 or 5, graduated in length toward the mesial, which is not 
conspicuously larger than the others. In addition to 3 or 4 com- 
pressed granules on the outer edge of the plate there is a second sub- 
ambulacral series of about 4, somewhat flattened, truncate spines, 
shorter than the inner series. The abactinal granulation is coarser, 
and there are no actinal intermediate and abactinal slitlike pedicel- 
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lariae, nor are the granules enlarged about the papular pores. The 
distal inferomarginal plates are without tubercles, while the primary 
radial plates each have a tubercle. The granulation of the actinal 
surface is finer than in typical forficulatus, for instance, the large 
unpaired actinal plate just back of the mouth plates has about 30 
granules in forficulatus and 55 or a few more in the Indian specimen, 
in which, moreover, the outlines of the actinal plates are very indis- 
tinct, while in the Philippine specimens they are very distinct. This 
specimen seems to belong to a distinct variety if the Philippine ex- 
amples are to be regarded as typical. 

Type.—tn the Bae Museum. 

Type-locality—Migupou (probably a Phinine locality). 

Distribution—Philippine Islands to Gulf of Martaban, Burma, 
and south along the east coast of India to Ceylon. 

Specimens ernamined.—One from each of the following localities: 
Station 5159, off Tinakta Island, Tawi Tawi Group, 18 fathoms, fine 
sand and shells. Station 5482, Surigao Strait, east of Leyte, 67 
fathoms, sand, shells, gravel. 


Subfamily ANTHENOIDINAE, new name. 
Leptogonasterinae Prrrirr (Leptogonaster is a synonym of Anthenoides). 
Genus STELLASTER Gray. 

Stellaster Gray, 1840, D. 278. Type, Stellaster childreni Gray. 


STELLASTER INCEI Gray. 
Plate 79, figs. 1-3; plate 80, fig. 1 


Stellaster incei Gray, Proc. Zool. Soc. London, 1847, p. 76; 1866, p. 7, pl. 4, 
fig. 1—SnLApDEN, 1889, p. 322.—D6pERLEIN, 1896, p. 3807.—KoOEHILER, 
1910a, p. 80.—Brown, 1910, p. 31.—Srmpson and Brown, 1910, p. 50. 

Stellaster belcheri Gray, Proc. Zool. Soe. London, 1847, p. 76; 1866, p. 7, 
pl. 7, fig. 1—SrtaprEen, 1879, p. 480 (Korean Straits). 

Stellaster gracilis Mosrus, Neue Seesterne des Hamburger and Kieler 
Museums, p. 12, pl. 4, figs. 8 and 4 (Abhandl. a. d. Gebiete Naturw. 
hrsg. v. d. naturwiss. Verein, Hamburg, vol. 4, Abth. 2, 1860). 


Notes on Philippine specimens.—Sladen considers Stellaster incet 
and belcheri growth stages of the same species. The specimens col- 
lected by the Albatross are mostly small, and as in the case of Déder- 
lein’s specimens from Thursday Island are referable to “ belcheri.” 

Among the 26 examples from station 5358, 2 have less than 4 
tubercles, 138 have 5 tubercles, not always symmetrically arranged, 
10 have 10 tubercles, and 1 has sears of 17, all on the radu. The 
largest of these specimens has R=40 mm., the smallest R=13 mm. 
The granules are fine, bead like and spaced, and the membrane very 
thin. The furrow comb consists of 7 or 8 rather slender spines, the 
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median more compressed than the laterals, and all webbed for half 
their length. The subambulacral spines are 2 to 4, flattened, round- 
tipped and unequal, and arranged in a longitudinal series. Just 
back of the adoral furrow spine is often a prominent pincer-shaped 
slightly tapering pedicellaria. In very small specimens the subam- 
bulacral spines are represented by a row of granules. 

Three specimens from station 5483 differ in lacking abactinal 
tubercles altogether (although larger) and in having a large flattened 
truncate subambulacral spine. The largest specimen has R 54 mm. 
The rays are broader than in the examples from station 5358. Ven- 
trally this specimen resembles Stellaster equestris, but the marginal 
plates are decidedly narrower than in a specimen of eguestris from 
Usuki, Japan, and the granulation is finer, and quite evidently spaced 
especially on the dorsal surface. A specimen from station 5432 
agrees in having the large subambulacral spine, and there are 5 
small dorsal tubercles in addition. 

A portion of the abactinal wall of a specimen from station 5483 
was examined. This specimen was sexually mature although of 
enly medium size (R=46 mm.). The abactinal plates are large, 5 
to 7 in each interradius being the largest, and on the margin bordering 
the papular areas, scalloped. The carinal plates have 2 short lobes 
on either side, and the adradial plates on the rays have 2 lobes also 
on either side, which, as seen from below, overlie the edges of the 
carinal and the other adjacent ibe ttedinal series. In the central 
area of the disk the plates have 5 or 6 more prominent lobes. There 
are 3 or 4 papulae to each pore between the lobes of the plates. 

The gonads form a single large cluster, one on each side of the 
membranous interbrachial septum, 10 in all. 

Ty pe-locality —‘ North Australia,” Gray. 

Distribution—Kast to the Mozambique coast (Simpson and 
Brown), India and Ceylon, Mergui Archipelago, Sumatra, and Singa- 
pore, Philippines, to Korea (? Sladen), south to New Guinea, Ara- 
fura Sea, Torres Strait, North, Northeast and South Australia. 
Bathymetrical range, 3 to 74 fathoms, usually under 50 fathoms. 

Specimens examined.—F ifty-five from the following stations: 


Specimens of Stellaster incéi examined. 














St - . ll~« 
ton, Locality. Depth. | Nature of bottom. | Nae 
. ae 
Fathoms 

5156 evi as Group, Sulu Archipelago..................... 18 Fine shells, sand... 3 
BGT eS SSI OE aA i saisire Csi pice kie~ ccaeliaae ate cena ae Ue | se 18 Fine sand......... 14 
5158 |..... ae Seana elalebelpmteieis ya cles wale loicia: sia ahaiela'a aieiora ae fahaaineiejaia Sore A Sie. ulecterae Ocnccass ames rE 
S161) | Sees CO Ree Sache cee teas cave eielce cuetre some teotee eee: TBM ES au OZcsneac este | 6 
5357 | North Balabac Strait, southwestern end Palawan Island. 68 Coral, sand........ 1 
5358 | Off Sandakan Harbor, BOLTG0 22 woes ate scmaeer econ eecee = 39 Midis anaes 26 
5432 | Off Corandagos Island, eastern Palawan...............-- 51 Sand See eeeeer cea 1 
5483 | Surigas Strait, east of Leyte Meta tates tee cine ice a cee 74 Sand,broken shells 3 
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Remarks.—The specimens recorded from stations 5432 and 5483 
may be a variety of S. equestris. I have compared them with a fairly 
large specimen from Usuki, Japan, which may naturally be regarded 
as typical, as it agrees in the main with Miiller and Troschel’s figure 
(1842, pl. 4, fig. 3). The differences have already been mentioned. 
Just how constant the width of the marginal plates and the size of 
the granules are in eguestris I am unable to state. But in all the 
Philippine and Borneo specimens the narrower superomarginals, 
especially interradially, and the smaller spaced granules are constant. 
The relationship between zncei and equestris is by no means clear, and 
some characters other than the dorsal tubercles must be used to dis- 
criminate specimens from the territory on the edges of their respec- 
tive ranges, 1f not elsewhere. 


Genus ANTHENOIDES Perrier. 


Anthenoides PERRIER, 1881, p. 23. Type, A. peircei Perrier; also 1884, p. 246. 

Leptogonaster SLAvEN, 1889, p. 326.—FisHeEr, 1911d, pp. 169, 1738. 

Antheniaster VeERrityt, 1899, p. 173.—FisHEr, 1906, p. 1067; 1911d, pp. 
169, 173. 

A comparison of Anthenoides peircet with Leptogonaster cristatus 
reveals no differential characters of generic importance. Anthe- 
noides sarissa, the type of Antheniaster, is very closely related to 
Leptogonaster cristatus. Itis certainly not ina separate genus. All 
three species have the body overlaid by a skin of variable thickness, 
which obscures either rudimentary or fairly well developed granules, 
and the pedicellariae vary from a low slitlike bivalved type to 
slender forcipiform. In A. eristatus the pedicellariae are extremely 
variable. All three species have numerous secondary abactinal 
plates, which increase in number with age. These plates are there- 
fore not characteristic of Antheniaster alone, as Verrill believed. 
There is even greater similarity in their particular form between 
those of A. peircei and A. cristatus. A. peircei, A. cristatus, and 
A. sarissa have similar inferomarginal spinules, while in A. epixan- 
thus, A. granulosus, A. lithosorus, and A. rugulosus special spinules 
are always absent, the plates being granulous. Finally, all except 
A. sarissa, which has not been examined, have the gonads, not single, 
but fairly numerous in a series, on each side of and parallel to the 
membranous interbrachial septa. 


KEY TO THE KNOWN SPECIES OF ANTHENOIDES. 


a. Actinal intermediate areas with large slit-like bivalved pedicellariae nearly 
flush with the general surface; abactinal membrane thick and tough. 
ae eee A a Be Se ee eee peircei Perrier. 
a. Pedicellariae varying from forcipiform to bivalved, but when bivalved al- 
ways small and not sunken flush with surface. 
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b*. Inferomarginals with smail lateral spines, at least in the interbrachial are. 
c. Proximally 2 or 3 subambulacral spines, or prominent pedicellariae ; 
APAEUNA Pelee Wariage maw mee enews Men cE Wy cristatus Sladen, p. 329. 
¢@. Proximally 1 prominent subambulacral spine; no abactinal pedicellariae. 
sarissa Alcock. 

b?. Inferomarginals without lateral spines. 

c. Pedicellariae only on the adambulacral plates; abactinal granules few 
and microscopic, visible only when abactinal membrane is dried; the 
abactinal area has superficially the appearance of being without 
STAT ULC Gmeem ewes ais LEAS TS RAR AVAL STORE Cte perk epizanthus Fisher. 

c’. Pedicellariae on the abactinal and actinal intermediate areas, as well as 
on the adambulacral plates; abactinal granules numerous, at least in 
center of disk, and easily seen wthout a magnifier, 

d@. Superomarginals decreasing regularly and gradually in length from 

the first; granules distributed uniformly all over abactinal area. 

e. R=2 r; central granules of each abactinal plate the largest; prox- 

imal superomarginal plates coarsely granulated all over; supero- 

marginals all wider than long__________ granulosus Fisher, p. 333. 

e’. R=2.6 r; granules smaller, uniform; superomarginals finely granu- 

lated, only a few proximals with coarse central granules; supero- 

marginals at middle of ray longer than wide. 

rugulosus Fisher, p. 338. 

@. Superomarginals maintaining their width to near end of ray; gran- 

ules numerous in center of disk, becoming much smaller and more: 

widely spaced as periphery is approached; superomarginals of 
proximal half of ray with coarse central granules. 

lithosorus Fisher, p. 336. 


ANTHENOIDES CRISTATUS (Sladen). 


Plate 78, figs. 1, 2; plate 88, fig. 1; plate 89, fig. 1. 
Leptogonaster cristatus SLADEN, 1889, p. 327, pl. 54, figs. 1-7. 


Notes on Philippine specimens.—The large series of specimens. 
dredged by the Albatros represents all stages from the young to the 
adult, while the latter exhibit considerable range of variation, par- 
ticularly in the number and form of the pedicellariae. 

The change in proportions due to increasing age is shown by the 
following table, the measurements being in millimeters: 


Num- 











ber of 
R. r. | R=r. | supe- 

romar- 

ginals. 
1 14 6 2.3 9 
2 20 8 2.5 10 
3 30 12 2.5 12 
4 50 18.5 2.7 20 
5 77 >| 25 3+ 26 
6 | 116 | 39 3 30 





The last two specimens are larger than Sladen’s type. 
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The chief differences between the young and medium sized speci- 
mens (as No. 4) are to be found in the extremely thin membrane 
and few or no granules of the former. A very young cristatus does 
not appear to belong to the same genus as the adult. In specimen 
No. 1, for example, the outlines of the abactinal plates are clearly 
visible and the thin membrane might be described as deciduous. 
The marginal and actinal intermediate plates are also covered with 
very thin deciduous membrane. There are no abactinal, marginal, 
or actinal intermediate granules, or pedicellariae. Four webbed 
furrow spinelets are present, and the first 2 or 3 adambulacral plates 
have the rudiment of a subambulacral granule. The mouth plates 
are prominent actinally and each has 7 furrow or marginal spines. 
The smooth plates and the deciduous membrane would cause this 
specimen to be placed in the genus Ogmaster if it were adult. It is, 
in fact, an Anthenoides in an Ogmaster stage. There are no small 
secondary adradial abactinal plates. 

Specimen No. 2 differs from No. 1 in having 1 or 2 spherical gran- 
ules on a few of the interbrachial inferomarginals in the position 
of the future spines, and a very few forcipiform pedicellariae have 
made their appearance on the actinal intermediate plates; furrow 
spines 5 or 6. 

In specimen No. 3 the abactinal membrane is thicker and more 
pulpy; 2 or 3 small granules have appeared on the proximal supero- 
marginals and the granules on the proximal inferomarginals have 
increased to 4 or 5, and are larger, while on the ray a granule takes 
the place of the small tubercle of the adult. The inner row of the 
actinal intermediate plates is provided with a central granule (or 
3 or 4 on each of the pair back of the mouth plates), while in some 
specimens of this size a few other intermediate plates may have a 
central granule; subambulacral granules proximally 2, distally 1; 
furrow spines, 6. 

In No. 4 minute abactinal granules have made their appearance, 
which, in No. 5, have increased in number, while in the latter the 
adult condition is further evidenced by numerous small superomar- 
ginal granules scattered all over the plate (in No. 4 only a few), a 
few abactinal pedicellariae, inferomarginal spines, actinal inter- 
mediate granules on all the plates, and 7 or 8 furrow spines with 
a furrow pedicellaria on some plates. 

The granules increase in number in the large specimens and the 
marginal spines become more prominent and more numerous. Inter- 
brachially there are as many as 6 or 7 in large specimens, and ex- 
ceptionally 9, some of them being grooved, and bifid. The longest 
are about 2mm. On the outer half or third of the ray there is but 1 
aboral appressed spine to a plate. Sladen figures a terminal plate 
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with 2 spines. In small specimens there are usually 4 or sometimes 5 
(as in A. sarissa). In the adults I find scars of 4 or 5. 

An example from station 5520 has small forcipiform pedicellariae, 
such as are figured by Sladen (1889, plate 54, fig. 6), scattered 
thickly over the abactinal and proximal superomarginal plates, with 
a few on the outer end of the proximal inferomarginals. A large 
specimen from station 5212 (No. 6 of the foregoing table) has the 
abactinal pedicellariae less numerous and of a bivalved form, the 
jaws being truncate, as wide as high, or wider than high. A speci- 
men from station 5394 has rather more numerous abactinal pedicel- 
lariae of the same form, while another from 5395 has pedicellariae 
of the forceps shape with shorter jaws than the figure of Sladen, 
together with others which might be classed as bivalved with trun- 
cate jaws higher than wide. In this specimen the pedicellariae are 
intermediate between the two extremes. 

In the example from station 5894, above referred to, the pedicel- 
lariae on the actinal intermediate plates adjacent to the adambulac- 
rals are unlike Sladen’s figure 7, but are of the typical bivalved type, 
being quite similar to the pedicellariae of Hippasteria. The jaws 
are truncate and sometimes twice as wide as high. <A few are scat- 
tered over the rest of the interradial area. The example from sta- 
tion 5520, which has the very numerous abactinal forcipiform pedi- 
cellariae, has the actinal intermediate pedicellariae smaller and 
either bivalved or of the type figured by Sladen; or with spatulate, 
rounded jaws intermediate between the two. Specimen No. 6 from 
station 5212 has a very few actinal intermediate bivalved pedicel- 
lariae, a short conical tubercle occupying its place on the other plates. 
A specimen from station 3595 has the tubercles more prominent, and 
present on plates near the margin, as well. 

I have been able to compare Anthenoides peircei directly with 
cristatus. The actinal pedicellariae of peircei are bivalved, but low, 
resembling those of Oreaster. The difference is not of generic im- 
portance, however. If the jaws were a little higher the pedicellariae 
would be like those of cristatus from station 5394. In my key to the 
Goniasteridae (1911 d, p. 173) I relied on the form of the pedicel- 
lariae and the presence of abactinal and superomarginal granules to 
separate Leptogonaster from Anthenoides. Anthenoides, it appears, 
has rudimentary dorsal granules, which, with the variations of 
Leptogonaster cristatus, bridge the small gap between the two genera. 
The enlarged group should therefore be known by the older name 
Anthenoides, which includes also Antheniaster Verrill. Sladen was 
in doubt as to the validity of his genus, as he recognized its close 
affinity to Anthenoides. His conclusion that Leptogonaster was dis- 
tinct was justified, because Perrier described the dorsal skeleton of 
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Anthenoides as “reticulated.” Although secondary plates are pres- 
ent on either side of the carinal series and adradial series, the 
skeleton has not the reticulated form which one associates with 
Anthenea. 

Anatomical notes.—Intestinal coeca composed of 5 long bifid divi- 
sions, each terminal division lying on either side of the membranous 
interbrachial septum to which it is attached by filaments of tissue. 
Hepatic coeca extending nearly half the length of ray; dorsal 
stomach sharply divided from the ventral; retractors of stomach 
attached to upper end of second ambulacral ossicle, to the proximal 
edge of the A-shaped first ossicle, and to the dorsal integument. 
Polian vesicle in each interradius. Gonads arranged in a series par- 
allel to and near the interradial septum. They are not well developed 
in the specimen dissected, but from 6 to 10 small tufts can be counted 
in each series. In Anthenoides peircet the gonads are similarly 
disposed. 

On the proximal part of the radial area and center of disk the 
primary plates in regular longitudinal series are surrounded by 
irregular small secondary plates which on the distal part of their 
area are found only between the rows of primary plates. These 
secondaries are entirely lacking on the radial areas in immature 
specimens. Small examples may have a few in the center of disk, but 
the difference in size between them and the primary plates is not so 
marked. These secondary plates have 5 or 6 short lobes with trun- 
cate facets which join truncate facets of the primary plates. The 
number of secondary plates varies with age, an old specimen having 
many, which proximally completely surround the primary plates, 
while in smaller examples the plates are fewer and are found be- 
tween the primaries. On the coelomic side some of the secondary 
plates are raised into a keel, the keels radiating, 4 to 6, quite regu- 
larly and acting as connecting ossicles between adjacent rows of pri- 
mary plates, and sometimes between consecutive plates of the same 
series. Other secondaries, out of position, lack the keel. Distally 
beyond the area of secondary plates the primaries are externally 
roundish, with truncate facets, or they may touch without a flattening 
of the periphery. The papulae are generally distributed ali over 
the abactinal area in fully adult specimens and occur 1 to an area, 
as a rule, though between secondary plates occasionally 2. 

I have examined the dorsal skeleton of Anthenotdes peircei and it 
conforms to the arrangement in cristatus, although minor specific 
differences are observable. For example, the secondary plates lack 
a special internal keel, and, the specimen being smaller, there are 
fewer plates. When the abactinal integument of petrcei is cleared 
with caustic potash numerous minute grains are observable, much 
smaller than the dorsal granules of cristatus. 
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Type.—tin the British Museum. 

Type-locality Challenger station 204, off Tablas Island, Philip- 
pines, 100-115 fathoms, green mud. 

Distribution—Philippine Islands, 102 to 279 fathoms, on green 
mud, globigerina, sand, and hard bottom; temperature range 53.3° to 
61.3° F. 

Specimens examined.—Kighty-eight. 


Specimens of Anthenoides cristatus examined, 
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Remarks.—Anthenoides sarissa Alcock from the Andaman Sea, 130 
to 150 fathoms, is very close to immature cristatus. The subambula- 
cral spine is more prominent than in small cristatus, however, and 
the secondary abactinal plates are described as inlaid everywhere be- 
tween the large plates, showing perhaps that they are more numerous 
than in cristatus. The figure (Alcock, 1894, pl. 2, fig. 4a), however, 
does not indicate on the ray more than an adradial series. 

A small specimen has a fairly large solitary coral of the genus 
Flabellum partly engulfed. 


ANTHENOIDES GRANULOSUS Fisher. 


Plate 88, figs. 2, 3; plate 94, figs. 4, 4a—b. 


Anthenoides granulosus FisHER, 1918a, p. 647. 


Diagnosis—Similar in general appearance to A. epixanthue 
(Fisher) but differing in having much more numerous and coarser 
abactinal and marginal granules; numerous small abactinal and 
actinal intermediate, bivalved pedicellariae; more numerous, adam- 
bulacral pedicellariae, which are relatively larger; slender, and 
slightly more numerous furrow spines, and more numerous oral 
spines. R=79 mm., r=39 mm., R=2 r; breadth of ray at inter- 
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brachium, 48 mm.; disk very large with open, arcuate interbrachia 
and short, tapering, bluntly pointed rays; whole surface overlaid by 
soft membrane, obscuring the underlying plates, especially the abac- 
tinals, which are covered with spaced granules larger than in epia- 
anthus; marginal plates covered all over with spaced granules, coars- 
est on outer part of plate, and more numerous than in A. epixanthus; 
no marginal spines; actinal intermediate granules coarse and numer- 
ous; furrow spines slender, compressed, 6 to 9, the adoral end of the 
plate with a large, slender, foreipiform pedicellaria, and 1 to 3 more 
on the actinal surface; subambulacral spines, 1 to 4, according to the 
number of pedicellariae, which they partly replace; oral spines 138 
to 15, with several suboral pedicellariae and numerous suboral 
granules. 

Description—This species so closely resembles A. epixanthus 
(Fisher) of the Hawaiian Islands that the description will be in the 
form of a comparison. The entire animal is overlaid by a soft, 
fairly thick, membrane, obscuring the outlines of the abactinal plates 
(which are arranged as in epiwanthus). The membrane is thrown 
into fine wrinkles and reticulations, partly due to the numerous un- 
equal spaced granules beneath. These granules are much more 
numerous and much larger than in epiwanthus and become visible 
when the membrane is partly or wholly dried. They increase in 
size from the center of disk toward the periphery, and the central 
granules of each plate (especially near margin) are larger than the 
peripheral. The number of granules to a plate is between 15 and 20. 
In A. epixanthus the granules are practically microscopic (as in 
A. peircet) uniform in size and scarcely a tenth the size of an average 
granule in granulosus. 'They are so small that the membrane is 
smooth even when dried, while in granulosus it is very rough. Scat- 
tered over the abactinal plates are numerous small pedicellariae about 
the size of largest granules, with 2 curved truncate jaws as wide as 
high, or wider than high. They resemble split granules. 

Papulae frequently very dark brown (as in epixanthus), con- 
fined to petaloid radial areas, confluent at center of disk. As is 
usual in this genus, there are smaller secondary plates on the proxi- 
mal radial regions. The secondary plates are lobed, and partly or 
wholly surround the carinal, and 1 or 2 parallel series, to either side. 
They extend on each side of the carinal series nearly one-half R, 
while the proximal plates of the same series may be entirely encircled 
by 6 or 8 secondary plates. The secondary plates do not extend very 
far distad on the lateral portions of the area. The primary plates 
become smaller and also incipiently lobed at the center of disk so that 
they are indistinguishable from the secondaries. Over the papular 
areas, even where there are no secondary plates, the primaries are 
roundish or broadly elliptical with 5 or 6 incipient lobes, sometimes 
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reduced to simple facets; but on the outer third of the ray the plates 
may be much wider than long and without any trace of lobing. The 
secondary plates have 8 to 5 very irregular lobes and are not raised 
internally into a keel as in A. cristatus. 

Superomarginal plates (21 or 22 in type) forming a rounded bevel 
in intertrachia, but on outer third of ray strongly arched, with lateral 
and dorsal surfaces. The plates are usually decidedly wider than 
long, but they vary in this respect, for one specimen (station 5622) 
has the plates of the proximal two-thirds of the series as wide as long. 
They differ from the superomarginals of A. epivanthus in having the 
entire surface (except on outer third of ray) covered with coarse 
hemispherical, slightly spaced, granules, those on the border the 
smallest. The inferomarginals extend slightly beyond the supero- 
marginals and are closely covered with similar granules, which are 
coarsest on the rounded margin of the ray and decrease in size toward 
the inner margin. In epiwanthus the inferomarginal and superomar- 
ginal-granules are very much fewer and more spaced. They do not 
cover the whole surface of the plate thickly. On the distal plates the 
granules are fewer and scattered. The outlines of the marginal 
plates and the granules are partly visible without drying the speci- 
men. ‘Terminal plate pentagonal to ovoid, as long as broad, or 
broader than long, with 2 stubby terminal spines. The last 3 or 4 
pairs of superomarginals are in contact medially. 

Actinal intermediate plates slightly convex, rather irregular, in 
about 8 chevrons, the series of plates adjacent to the adambulacrals 
extending to the seventh to ninth inferomarginal. They are closely 
covered with coarse spaced granules, those in the center being much 
coarser than the peripheral. In epivanthus the large granules are 
fewer, and the tiny immersed granules in the majority. Many of the 
plates adjacent to the adambulacrals bear 1 to 3 small 2-jawed pedi- 
cellariae slightly smaller than the heaviest granules and similar in 
form to the abactinal pedicellariae. 

Adambulacral plates slightly longer than wide, with a curved or 
slightly angular furrow margin, or occasionally a nearly straight 
margin, bearing a comb of 6 to 9, usually 7 or 8, slightly divergent, 
slender, tapering, but also compressed, bluntly-pointed furrow spines, 
webbed for half their length. The margin of the comb is curved, 
the mesial spines being the longest and the laterals the shortest. 
At the adoral end of the series there is usually a rather long, slender, 
2-jawed forcipiform pedicellaria, set back slightly, the jaws being 
very narrowly spatulate and about as long or a little longer than 
the adjacent adoral furrow spine. The pedicellaria is larger than the 
homologous pedicellaria of epivanthus. One to 3 similar pedicellariae 
stand on the surface of the plate sometimes in a longitudinal series. 
Two or 3 short, blunt, tubercular unequal spines form a series back 
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of the pedicellaria (where these are numerous) or take the place 
of 1 or more of the pedicellariae. When there is only the adoral pedi- 
cellaria it replaces the others entirely. On the outer part of the 
furrow one of these spines is enlarged (or 2 in a transverse series) 
and becomes tapering and pointed, and is conspicuously longer than 
the furrow spines. The outer margin of the plate has several un- 
equal granules. In this species the subambulacral pedicellariae are 
much more numerous than in eptxanthus, while the furrow spines 
are more delicate and compressed. 

Mouth plate convex actinally as in epivanthus and other members of 
the genus. Marginal spines in a slightly convex series of 13 to 15 
(9 to 11 in epixanthus) similar to the adambulacral spines except the 
inner 3 which very rapidly increase in size and become compressed, 
round-tipped, or truncate teeth. The spines are webbed for about half 
their length. Back of the furrow spines is a row of upward of 6 
pedicellariae similar to the subambulacral pedicellariae, the rest of 
the plate being covered with spaced coarse hemispherical or some- 
times acute granules. In small specimens only 1 or 2 pedicellariae 
may be present. 

Madreporic body variable in size, fairly large, nearly flat, irregu- 
larly roundish, situated a little more than 4 r from center. Striae 
fine, radiating, and branched. 

The gonads are arranged in a series of 6 to 8 tufts on either side 
of and parallel to the membraneous interbrachial septa. 

Type.—Cat. No. 30559, U.S.N.M. 

Type-locality—Station 5626, between Gillolo and Kayoa Islands, 
Molucca Islands, 265 fathoms, gray mud, fine sand; 1 specimen. 

Distribution —Molucea Islands, 265 to 288 fathoms. 

Specimens examined.—Five in addition to the type: Station 5622, 
between Gillolo and Makyan Islands, 275 fathoms, gray mud, 1 speci- 
men; station 5624, same locality, 288 fathoms, fine sand, mud, 4 speci- 
mens. 

ANTHENOIDES LITHOSORUS Fisher. 


Plate 89, fig. 2; plate 90, fig. 2; plate 94, fig. 6, 6a-—c. 
Anthenoides lithosorus FisHEr, 19138a, p. 647. 


Diagnosis —Closely related to A. granulosus, but differing in hav- 
ing the coarse superomarginal granules confined to the center of plate, 
surrounded by a conspicuous area with only spaced microscopic 
grains; abactinal granules fine, subequal, thick on center of disk, be- 
coming smaller and more spaced as the margin is approached, fewer 
than in granulosus, smaller, and the central granules of the plate not 
larger than the others; superomarginal plates more tumid, the width 
remaining the same to within 4 or 5 plates of end of ray (regularly 
decreasing in length in granulosus) ; furrow spines 9 or 10; oral spines. 
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15 or 16. R=80 mm., r=44 mm., R=about 1.8 r. General form 
similar to that of granulosus but the rays are thicker toward the end 
owing to the heavier superomarginals, the last 6 or 7 pairs of which 
are in contact medially. 

Description.—The abactinal area is overlaid by a thick membrane, 
which in drying allows the small granules to be seen. These are sub- 
equal and about the size of the smallest granules of granulosus. Only 
in the center of the disk are they as numerous as in granulosus, and as 
just indicated they are not larger in the center of the plate (which is 
a characteristic of granulosus). In granulosus they are numerous all 
over the abactinal area, but in lithosorus they are closely placed only 
on the center of the disk, becoming more and more widely spaced as 
the margin is approached and on the outer part of ray are scarce. 
Scattered over the papular areas (which are as in granulosus) are 
numerous tiny pedicellariae similar to those of granulosus, but larger 
than the granules (since the granules are very small). 

Superomarginals 18, massive and tumid, keeping their width 
(which exceeds the length) up to about the twelfth to fourteenth 
plates, and from that point gradually narrowing. As a consequence 
the rays are distally wider than in granulosus, in which the plates 
narrow gradually from the base of the ray. The first 7 plates have 
a central group of coarse hemispherical granules, which in a dried 
specimen, remind one of little heaps of stones. The first plate has 
about 24 granules and the seventh 5 or 6. The-outer plates have 
only the microscopic granules such as surround the coarse proximal 
granules. These are invisible until the specimen is dried. Terminal 
plate pentagonal about as wide as long, with the scars of 5 terminal 
spines. Inferomarginals encroaching conspicuously upon actinal 
area and extending interradially slightly beyond the superomar- 
ginals. They decrease regularly in width and become rather more 
tumid as the end of the ray is approached. The first 10 are covered 
with coarse granules which decrease in size from the edge of ray 
toward inner margin of the plate. The ninth to eleventh plates have 
a rapidly decreasing number of granules, the remaining plates, as 
well as a widening space along the upper margin of the first eleven, 
being occupied by the minute grains referred to above. 

Actinal intermediate plates distinctly tumid with 3 to 10 unequal, 
coarse, hemispherical granules surrounded by i0 to 20 spaced, much 
smaller ones, very much as in granulosus, except that toward the 
margin the small granules are fewer and smaller than the corre- 
sponding ones in granulosus; hence there is more discrepancy in 
size between the 2 kinds. The plate adjacent to the adambulacrals 
and a few others have upward of 6, usually 1 to 4,.small, 2-jawed 
pedicellariae similar to those of granulosus. 
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Adambulacral armature similar to that of granulosus but there 
are 9 to 10 furrow spines instead of 7 or 8. Two to 4 forcipiform 
pedicellariae monopolize the surface of the plate, except for a few 
granules and a short pointed spine or two in place of pedicellariae. 
On the outer third of ray there is a well-developed pointed sub- 
ambulacral spine, sometimes with a small companion, and usually 
but 1 pedicellaria just back of the proximal furrow spine. Mouth 
plates similar to those of granulosus, with 15 or 16 marginal spines, 
i fairly well developed pointed suboral spine near the inner end of 
the plate, 5 or 6 scattered pedicellariae and rather widely spaced 
granules, the 5 or 6 nearest the median suture being largest. 

Madreporic body fiat, circular, with radiating branched striae. 

Type.—Cat. No. 80560, U.S.N.M. 

Type-locality Station 5301, China Sea, vicinity of Hongkong 
(lat. 20° 87’ N.; long. 115° 43’ E.), 208 fathoms, gray mud, sand; 
bottom temperature 50.5° F. 

Remarks.—This species differs from A. cristatus and A. sarissa 
in the absence of inferomarginal spines, and in having much coarser 
superomarginal granules, heavier marginals, shorter rays, thicker 
abactinal integument, more mumerous actinal intermediate granules, 
and in numerous other details of armature. It differs from A. epix- 
anthus in having coarser and more numerous abactinal granules, 
numerous abactinal and actinal intermediate pedicellariae, more 
numerous and slenderer furrow spines and oral spines, more com- 
pactly placed superomarginal granules (which, however, in epizx- 
anthus form a central, though sparser, group), heavier superomar- 
ginals distally and numerous subambulacral forcipiform pedicel- 
lariae. The abactinal granulation and pedicellariae will alone sep- 
arate the two species, the granules of epivanthus being microscopic 
and very widely spaced, and the bivalved granuliform pedicellariae 


being absent. 
ANTHENOIDES RUGULOSUS Fisher. 


Plate 85, fig. 4; plate 88. fig. 4; plate 90, fig. 1; plate 94, figs. 5, 5a—b. 
Anthenoides rugulosus FisHER, 1918a, p. 648. 


Diagnosis —Differing from A. granulosus in having longer, slenderer 
rays, harrower marginal plates, rather more numerous and smaller 
uniform abactinal granules, a fine superomarginal granulation (except 
for a few central coarse hemispherical granules on the proximal plates) 
and more elevated, pincer-shaped abactinal pedicellariae. R=124 
mm., r=47 mm., R=2.6-+r; breadth of ray at first superomarginal, 
52 mm. Disk large, rays distally narrow, tapering arcuately from 
wide interbrachia; disk more or less inflated; whole body overlaid 
by smooth, rather thick, soft skin, minutely wrinkled on the abactinal 
area and covering a fine, close, uniform granulation; small forceps- 





STARFISHES OF THE PHILIPPINE SEAS. 339 


shaped, abactinal pedicellariae; superomarginal plates smooth, the 
membrane covering fine, spaced granules, and on the proximal plates 
a few scattered coarse central granules; superomarginals of middle 
region of ray in large specimens longer than wide; actinal inter- 
radial areas variable, usually fairly smooth, the plates with central, 
enlarged, hemispherical granules, as in granulosus; the plates adja- 
cent to adambulacrals with a variable number of forcipiform .or 
spatulate, lower, pedicelldriae; furrow spines compressed, usually 7 or 
§ proximally, varying to 6 to 9, the armature in general similar to 
that of A. granulosus, oral spines, 14 or 15. 

Description—Abactinal membrane fairly thick, about as in epiwan- 
thus and granulosus, and marked by myriads of fine interlacing 
wrinkles, partly due to the underlying granules. In some specimens 
the membrane has a minutely warty appearance. Even when dried 
the outlines of the plates are difficult to make out, although their 
contours are somewhat indicated by the papular pores. The ab- 
actinal area is covered uniformly with tiny spaced spiniform granules 
which are often a little higher than wide. One is reminded more 
of very short spinelets than of the rounded, hemispherical granules 
of A. granulosus. They are subequal, about the size of the inter- 
mediate granules of granulosus, and are more closely placed, there 
being 45 or 50 on an average carinal plate. They are larger than 
the granules of Jithosorus and, unlike them, they do not become widely 
spaced toward the edge of the area. Scattered over the abactinal 
area are numerous small 2-jawed pedicellariae, higher than in granu- 
losus. In the type they have 2 slender, slightly spatulate jaws, very 
similar to the abactinal pedicellariae of cristatus, as figured by Sla- 
den, while in other specimens (as from station 5122) the jaws are 
truncate and only 1.5 to 2 times as high as broad, and hence having 
somewhat the same variations as in eristatus. Still other examples 
have the jaws spatulate and intermediate between the slender forceps 
and the lower bivalve forms. These pedicellariae are not covered by 
the membrane. Papulae are found all over the disk except a narrow 
interradial streak, and are absent from a small portion of the end 
of the ray. 

The relation between the primary and secondary abactinal plates 
is as in A. granulosus. On the proximal portion of the radial areas 
the small, irregular plates surround the carinal plates, and the plates 
of one or more longitudinal series on either side. They gradually 
become restricted to either side of the carinal series near the middle 
of R. Beyond about the middle of R there are no secondary plates. 
The primary plates usually have 6 short lobes or far along ray, are 
roundish without very evident lobes. On the central part of the 
disk the lobing is irregular, and near the margin the plates are 
irregularly 4-lobed or 4-sided. 
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Superomarginals, 30 in the type, are not at all tumid, and form a 
slightly arched bevel, the first 5 or 6 slightly wider than long; the 
succeeding 12 to 14, longer than wide; and the remainder gradually 
becoming wider than long. They decrease very gradually in width, 
irrespective of the changing length, and are covered with spaced 
minute granules, with 5 or 6 spaced coarse hemispherical granules 
on the center of the first 4 or 5 plates. These are the only granules 
that show through the membrane, as a rule, although there is varia- 
tion in this respect. Usually the plates feel smooth to the touch, 
the granules not being so evident as in granulosus or lithosorus. 
This is particularly true of the medium-sized and small specimens. 
In some of the largest specimens the proximal plates have 1 or 2 
small spatulate 2-jawed pedicellariae, but these are present in less 
than half of the specimens. Terminal plate pentagonal from above, 
with 5 terminal spines. 

Inferomarginals extending laterally slightly beyond the supero- 
marginals, the actinal face wider than long at base of ray, gradually 
becoming longer than wide at the middle. They are covered with 
spaced, rather unequal, granules coarsest on the margin (and these 
about as large as the largest superomarginal granules), decreasing 
in size toward the inner margin of plate. The plates are narrower 
than in Zthosorus, but the granules are of nearly the same relative 
size, perhaps a little smaller. 

The actinal intermediate plates extend to the twelfth inferomar- 
ginal or a little over half the length of ray in large specimens, and 
are covered with spaced, coarse, hemispherical granules, 3 to 10 in 
the center being the largest, and the others of several smaller sizes, 
as in granulosus and lithosorus. A variable number of proximal 
plates of the series adjacent to the adambulacrals bear 1 or 2, or 
occasionally as many as 6 forcipiform pedicellariae. In this type 
these are very few, but a specimen from station 5260 has many. 
Some examples (as station 5501) have the pedicellariae intermediate 
between the bivalved and forcipiform types, just as the abactinal 
pedicellariae vary. In the example from station 5260 the granules 
on the inner chevron of plates tend to become pointed and spiniform. 
In the large and small alcoholic specimens the outlines of the actinal 
intermediate plates are usually visible, but not in the medium-sized 
examples where, also, the central granules are less prominent than 
in the largest specimens. In the latter, the central granules appear 
as spaced clusters overlaid by membrane, the smaller granules being 
inconspicuous or invisible until dried. 

Adambulacral plates similar to those of granulosus but more vari- 
able as regards the subambulacral armature. Furrow spines stout, 
compressed, of nearly uniform width when viewed from above, but 
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tapering as regards the other dimensions to a rounded, chisel-like 
point in the type. They vary a good deal in form. They are gener- 
ally 4-sided, the transverse diameter being greater than the longi- 
tudinal (as regards axis of ray). The type has proximally 7 or 8, 
and on the outer part of the ray 6 or 7 spines forming a basally 
webbed, palmate series with a convex distal margin. The number 
varies to 6 or 7 and 8 or 9 spines proximally in different specimens. 
At the adoral end of the series is a slender sessile forcipiform pedi- 
cellaria as long or nearly as long as the adjacent adoral spine. The 
pedicellaria viewed from the side has a lanceolate contour and its 
form is best appreciated from the figure. In the type there are proxi- 
mally 2 or 8 coarse, tapering, subconical bluntly pointed, sometimes 
flattened spines, much heavier but shorter than the furrow spines, 
and forming a longitudinal series. On the outer part of the ray there 
is 1, or sometimes 2, in a transverse series, varying from blunt clavate 
to tapering and pointed. At rare intervals a pedicellaria takes the 
place of a spine. On the proximal half of the furrow, however, it is 
more usual to have 1 to 3 prominent forcipiform subambulacral pedi- 
cellariae either grouped, scattered, or forming a longitudinal series 
with the nearly constant adoral pedicellaria near the furrow. A few 
unequal, prominent, conical granules are present, sometimes standing 
in line with the 1 or more pedicellariae, while the outer part of the 
plate, as in the type, is occupied by small spaced, sometimes spinuli- 
form, granules. 

Mouth plates convex actinally, with 14 or 15 marginal spines, the 
inner 4 or 5 rather rapidly enlarging and becoming strongly com- 
pressed and leaf-like. The type has 6 to 9 suboral tubercles, scat- 
tered granules, and a pedicellaria. Most of the specimens have only 
2 or 3 tubercles and 2 to 6 pedicellariae, in addition to spaced gran- 
ules. The suboral armature is very variable. 

Madreporic body similar to that of granulosus, subcircular, fairly 
large, with dichotomously branching, radiating ridges, separated by 
fine slightly sinuous striae. 

Anatomical notes.—The intestinal coecum is practically as in 
A. cristatus. There are 5 slender, interradial bifurcate sacs, the dis- 
tal divisions passing on either side of the membraneous interbrachial 
septum, to which they are firmly attached. The intestine is very 
short and slightly eccentric. The gonads are arranged in a compact 
series of about 10 tufts on either side of and parallel to the inter- 
brachial septum, and extending from about 4 r from center to within 
about 10 mm. of the marginal plates. 

Type.—Cat. No. 30561, U.S.N.M. 

Type-locality—Station 5121, 9 miles southeast of Malabrigo Light, 
east coast of Mindoro, 108 fathoms, dark green mud: 1 specimen. 


13434—Bull. 100—19—23 
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Distribution.—East coast of Mindoro to the Mindanao Sea, 214 to 
392 fathoms, green mud and ooze; temperature range, 51.4° to 


54.3° F. 
Specimens examined.—In addition to the type, 138 from the fol- 


lowing localities: 


Specimens of Anthenoides rugulosus examined. 




















Bottom 
Station. Locality. Depth. Nate of bat- ae temper- 
: * | ature. 
Fath- oan 
; oms. 
5122 zo antes southeast Malabrigo Light, east coast of Min- 220 Green mudis55| Ll ieesseces 
oro. 
5198 | 10 miles northwest Baliscasag Island, western Bohol...| 220 |..... GOs a ceeee 1 53.9 
3260), |,Of southeastern! Mind oroes $2 cose celstieced alsiee cic steer 234 Green mud, 1 51.4 
sand. 
6501 | 8 miles northwest Macabalan Point Light, Mindanao...| 214 | Finegraysand! 3 54.3 
and mud 
5503 | 6.6 miles northwest Macabalan Point Light, Mindanao..| 226 Green mud...| 5 53.3 
5527 | Between Siquijor and Bohol Islands... ...............: 392 | Globigerina | 1 53.3 
00ze. 
5536 | Between Negros Siquijor Islands: ..................22- 279 Green mud....| 1 535 





Remarks.—This species is readily distinguished from A. granu- 
losus by its decidedly longer, slenderer rays, narrower supermar- 
ginal plates, and the uniform, rather close, and finer granulation 
under the smoothish abactinal membrane. In granulosus the gran- 
ules of the superomarginal plates are coarse, distributed all over the 
plate, and show through the membrane, causing the plates to feel 
rough in alcoholic specimens. In rugulosus the granules are fine, like 
those of the abactinal plates, and only a few central enlarged gran- 
ules on the first 5 or 6 plates show through the membrane. As a 
result the superomarginals (with the exception of the central part 
of the first few plates) are smooth in undried specimens. The 
wbactinal pedicellariae are forceps-shaped and like those of A. cris- 
tatus. A characteristic of granulosus is the larger size of the central 
granules of each abactinal plate; in rugulosus it is to be emphasized 
that the granules are subequal. A. Uithosorus differs in having the 
abactinal granules very numerous in the center of disk, becoming 
smaller and much sparser toward the margin; in having wider and 
more tumid superomarginals, which maintain their width to near 
the end of the ray; in having a coarser actinal granulation, coarser 
superomarginal granules on central part of the proximal plates and 
much finer, sparser granulation elsewhere; and in having 9 or 10 
furrow spines. 

Genus ATELORIAS. Fisher. 
Atelorias FisHer, 1911¢, p. 424. Type, Atelorias anacanthus Fisher. 


Diagnosis —Goniasteridae with unequal marginals, the superomar- 
ginals the larger, conspicuously overhanging the inferomarginals 
and forming an angular margin to disk and rays; with all the plates 
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granulate and covered with thin soft membrane, leaving each plate 
distinct; abactinal plates, not elevated, flattish, numerous, extending 
to tip of ray; papulae in radial petaloid areas; adambulacrals with 
an angular furrow series of rather short, stout, spinelets and sub- 
ambulacral granules, actinal interradial areas large; disk large and 
thin, rays slender. Entrenched small upright two-jawed pedicel- 
lariae on abactinal, marginal, actinal intermediate, and adambula- 
cral plates. No specialized spines; the furrow spinelets the only ones 
present. 
ATELORIAS ANACANTHUS Fisher. 


Plate 73, fig. 2; plate 74, fig. 3; plate 85, fig. 3; plate 94, figs. 3, 3a—b. 
Atelorias anacanthus FISHER, 1911, p. 424. 


Diagnosis —Rays 5. R=205 mm., r=43 mm., R=4.76 r; breadth 
of ray at mid interbrachium, 53 mm., at middle of R, 14 mm. Disk 
large, thin, with wide interbrachial arcs. Rays very long, slender, 
thin, with an angular margin formed entirely of superomarginal 
plates. No specialized spines: all plates covered with hemispherical 
granules overlaid by a thin membrane which partly or wholly ob- 
secures them and fills up the interstices, but which leaves the outlines 
of plates distinct; small excavate pedicellariae with two jaws slightly 
higher than wide, and usually with depressions in the membrane 
into which they fit when open, are present on plates of both surfaces; 
adambulacral plates with angular furrow margin bearing proximally 
10 to 12 and distally 6 to 9 rather short stout spinelets; no subambu- 
lacral spines, but numerous immersed granules. 

Description.—Abactinal plates numerous, crowded, very slightly 
convex or flat, hexagonal on papular areas, but elsewhere irregu- 
larly hexagonal, pentagonal, squarish, or roundish, and reaching ter- 
minal plates. They are not at all tabulate but are sunken in the 
abactinal integument nearly fiush with the surface. On the proximal 
part of the radial areas a carinal series and about two parallel series 
on each side can be made out, but elsewhere the plates are not regu- 
larly arranged. They are much smaller on the interradial areas and 
center of disk than on the radial areas, and they decrease in size 
distad, only a single series reaching the terminal plate. On the 
outer part of the ray the outlines of the plates are very indistinct. 
Papulae 5 to 8 about each plate, and inconspicuous, extending only 
about a fifth the length of ray measured from the interradius. All 
plates covered with rather small hemispherical granules, overlaid by 
soft membrane, a rather large carinal plate having 30 to 40. In. 
addition most of the plates bear also a small upright pedicellaria 
with tapering spatulate jaws, often narrow distally, and a little 
higher than the width of the base. The granules are quite indistinct 
and normally are entirely covered by the membrane. On some of 
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the plates of the papular areas the granules are visible, but over all 
the interradial areas they can not be seen, although the skin is pitted 
somewhat over the interspaces between the granules. When the 
membrane is partially dried the granules become visible. In this 
soft membrane the pedicellariae have depressions for the opened 
jaws. 

When the abactinal integument is cleared, and viewed from the 
coelomic side the plates are seen to be spaced. In form they are not 
at all uniform, varying from irregularly roundish to lozenge or 
ellipical, and the inner end is convex. The outer end flares, being 
larger than the inner, and of the various forms mentioned above. 

Superomarginals, about 80 to a ray, are dorsally conspicuously 
wider than long, and form a beveled margin, sometimes a trifle 
arched, to the abactinal surface. They encroach upon the actinal 
surface about one-half as far as upon the abactinal, and thus form the 
margin of ray. The convexity of the lateral angle of each plate 
causes the margin of the ray to appear scalloped, except near the ex- 
tremity. The plates are closely covered with small granules, similar 
to those of the abactinal plates, overlaid by soft membrane, so that 
they are very indistinct, or even invisible. On the proximal half of 
the ray the dorsal surface of the superomarginals bears 2, or rarely 
3, small pedicellariae, similar to those of the abactinal plates, while 
the ventral surface bears 1; the dorsal surface of the plates of the 
distal half of ray bears one such pedicellaria. 

Inferomarginals very slightly convex proximally, corresponding to 
superomarginals, but along the middle region of ray not exactly 
corresponding. First 10 plates slightly wider than long, gradually 
becoming slightly longer than wide over most of the ray. On the 
outer fourth of ray the inferomarginals are only a trifle larger than 
the adambulacrals. The plates are entirely confined to the actinal 
surface and beyond the interbrachium are only a little wider than 
the ventral facet of the superomarginals—that part which extends 
laterally beyond the ventral series. Over a little more than the 
proximal half of the ray the plates bear, near the outer margin, a 
small 2-jawed spatulate pedicellaria, and rarely a second elsewhere 
on the plate. When the animal is viewed irom the oral side 3 series 
of plates occupy the entire width of the surface between the furrow 
and ambitus, on the outer half of the ray—the adambulacral, infero- 
marginal, and superomarginal series, the first and last of about the 
same width, the inferomarginals slightly the widest. The granules 
increase slightly in size from the outer toward the inner margin and 
are immersed in membrane, with often the tips protruding. 

Actinal interradial areas extensive with numerous irregular 
slightly convex plates, without regularity of arrangement, and ex- 
tending in a single series nearly half the length of ray, a second 
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series reaching a little over a fifth. The plates are closely covered 
with small granules immersed in membrane, the tips of the granules 
often protruding slightly from the membrane or visible yet covered 
by membrane. In the former case the granules appear to be em- 
bedded in a matrix. A majority of the plates bear 1, sometimes 2 
or 3, small spatulate entrenched pedicellariae. 

Adambulacral plates slightly longer than wide, with an angular 
furrow margin, the 2 facets of the apophysis being somewhat var- 
able in length, but the distal always the longer and slightly concave 
as in Vymphaster. Spinelets proximally 10 to 12, distally 6 to 9, 
rather short, stout, round tipped or truncate, in a crowded series, 
the longest on the angle, and compressed in a plane transverse to 
the plate, the others gradually shortening slightly and with flat side 
to furrow. Actinal surface of plates slightly convex, covered with 
20 to 35 granules immersed in membrane. Near or at the inner 
adoral corner of the plate there is usually a pedicellaria with 2 to 4 
variable granuliform jaws. There is no enlarged subambulacral 
spine on the distal plates. On the outer part of the ray the apophyses 
of opposite plates tend to meet in the middle of the furrow and 
to segregate consecutive pairs of tube feet. 

Mouth plates very slightly convex, coarsely granulate, the granules 
being conspicuous; marginal spinlets 16 to 19, robust, increasing in 
size toward the inner angle, where the spinelets are very strongly 
compressed, broad, and leaflike. The furrow surface of each plate 
has a shallow vertical depression for the first tube feet. 

Madreporic body one-third minor radius from center; ridges 
coarse, radiating. 

Anatomical notes ——Gonads are arranged in a short series nearly 
parallel with the radius and 7 or 8 mm. therefrom. There are 6 or 7 
closely placed tufts in the series examined, and it extends only about 
10 mm. The coelomic sacs leave a slight interradial area ventrally 
and adjacent to margin, lined with very fine fibrous tissue, which 
more or less occludes the cavity. Tube feet with conspicuous sucking 
disks. 

Type.—Cat. No. 28659, U.S.N.M. 

Type-locality.—Station 5655, Gulf of Boni, Celebes, 608 fathoms. 
gray mud, fine sand, bottom temperature 39.2° F.; 1 specimen. 

Distribution.—East coast of Luzon, and the Gulf of Boni, Celebes, 
565 to 608 fathoms, green or gray mud. 

Specimens examined.—In. addition to type, a badly mutilated 
specimen from station 5460, Lagonoy Gulf, east coast of Luzon, 
565 fathoms, green mud. 

Remarks.—This curious species is notable for the development of 
the superomarginal plates at the expense of the inferomarginals. 
The former define the ambitus, and when the specimen is viewed from 
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below the ventral surface of the superomarginals forms a narrow 
border outside the inferomarginals. The presence of a more or less 
pulpy membrane covering the granular investment suggests an alli- 
ance of this form with Anthenoides. An important difference is the 
fact that in Anthenoides and Stellaster the membrane covers the 
animal without reference to the underlying plates, while in A¢elorias 
each plate is distinct, the membrane not overlying the sutures. 


Family OREASTERIDAE Fisher. 


Oreasteridae FisuHER, 1911d, p. 18 (=Pentacerotidae, untenable). 


Genus OREASTER Miiller and Troschel. 


Oreaster MULLER and TROSCHEL, 1842, p. 44, 
Pentaceros ScHuuzE, Betrachtung der versteinerten Seesterne u. ihrer 
Theile, 1760, p. 50 (not binomial). Many authors. 


KEY TO SPECIES HEREIN RECORDED. 


a, No marginal spines or tubercles; a radial series of very large acorn-shaped 
tubercles, the primary radial the largest; tubercles with flat, polygonal, 
granules larger than the other abactinal granules, and usually with a 
subglobose or conical, bare, knob at summit. In addition to radial 
tubercles, others are sometimes present interradially______ nodosus, p. 346. 

a? Prominent distal superomarginal and inferomarginal spines, and usually a 
few small inferomarginal spines in interbrachia; abactinal spines very 
prominent, conical, heavy, and granular (the granules not larger than 
others), with a prominent bare conical sharp tip; these spines are 
slenderer and higher (as a rule) than those of nodosus and occur radially, 
interradially, and usually within apical area_____------- alveolatus, p. 348. 


OREASTER NODOSUS (Linnaeus). 
Plate 102, fig. 2. 


Asterias nodosa LINNAEUS, Syst. Nat., ed. 1758, p. 661. 

Oreaster nodosus Bry, 1884, p. T0.—CLaARK, 1908, p. 280. 

Pentaccros turritus Perrier, 1875, p. 240 (which see for earlier synonymy. 
Figured by Gray, 1866, pls. 9 and 10, under names Pentaceros modestus 
and P. franklinit). 

Notes on Philippine specimens.—The specimens vary considerably 
in the number and form of the large acorn-shaped tubercles of the. 
ecarinal ridge, as already recorded by Clark.t | In most. eases the 
tubercles are higher than the breadth at base and are capped by a 
blunt or pointed tip free from granules. Seven specimens have the 
tubercle in the center of disk. The maximum number of tubercles 
is present in specimens from station 5254, where there are 60 in a 
typical specimen and 69 in another, having in addition to the above 
69 dorsal tubercles about 28 smaller superomarginal ones. The 
tubercle is not always terminated by a blunt or short spine, which 
is lacking in most of the Pangasinan Island examples. In these the 


1 See Clark, 1908, p. 280, for variations of specimens from New Guinea. 
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tubercles are covered with granules, which are variable in size, some- 
times smaller than at the base, sometimes larger. A few of the 
tubercles in these specimens may have a blunt spine. The largest 
primary radial tubercles may terminate in 2 or 3 points. The num- 
ber of pedicellariae is very variable. They may be very numerous 
on the dorsal surface or faitly scarce. Their form is also variable; 
usually the abactinal pedicellariae have slender upright jaws, con- 
siderably longer than wide. But in examples from Burias Island 
the pedicellariae are few and low, with the jaws as low as or lower 
than broad. 

The furrow spines vary from 6 to 8. The subambularcral spines 
are usually 3 in number, much heavier than the furrow spines, and 
grooved or eroded at the tip (as well as down the sides in many 
large examples). The subambulacral pedicellaria is adoral to the 
subambulacral spines and between them and the adoral furrow spine. 
Sometimes this pedicellaria is as long as the median furrow spines, 
but is ordinarily a little shorter. 

One specimen has 4 normal rays and 2 short ones. A specimen 
from Burias Island has lost all the abactinal tubercles, the scars 
where they were broken off or torn out are very distinct. Other 
specimens have lost 1 or more tubercles by accident, the wound hav- 
ing healed. 

The most curious variation is exhibited by a specimen from station 
5254, which agrees with 2 other examples from that station in all 
essential respects except the possession of from 1 to 4 superomarginal 
tubercles on each side of the rays (28 in all). These tubercles are 
smaller than the dorsal ones. . It is possible that this specimen is a 
hybrid of O. nodosus and O. alveolatus, a specimen of the latter 
having been taken in the same haul. The dorsal tubercles are quite 
typical of nodosus and not of alveolatus. 

It is worthy of note that a series of very small intermarginal 
plates (4 to 6 to each interbrachium) is present, but completely hid- 
den by granules (see Pentaceropsis). 

Distribution—Region of the Indian Ocean, East India Islands 
(north to Luzon), thence to New Caledonia, in the Pacific. 

Specimens examined.—Thirty-four, from the following localities: 

San Pascual, Burias Island (off Luzon), tide pool on sand, flat, 
6 specimens. 

Papatag Island, Tawi Tawi Group, Sulu Archipelago, shore, 3 
specimens. 

Tataan Pass, Simaluc Island, Tawi Tawi Group, shore, 1 specimen. 

Cagayan de Jolo, 1 specimen. 

Pangasinan Island, Jolo, reef, 14 specimens. 

Pandanon Island, between Cebu and Bohol, coral sand, 1 specimen. 

Reef off Cebu, 2 specimens. 
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Station 5254, Gulf of Davao, Mindanao, 21 fathoms, sand, coral, 3 
specimens. 
Philippine Islands, Dr. E. A. Mearns, 3 specimens. 


OREASTER ALYEOLATUS (Perrier). 
Plate 101, fig, 1. 


Pentaceros alweolatus PERRIER, 1875, p. 248.—KorHLER, 1910a, p. 95, pl. 10, 
fig. 1; pl. 14, fig. 7. 
Oreaster alveolatus Bri, 1884, p. 73. 


Notes on Philippine specimens.—In 2 specimens (stations 5254 
and 5141) the spines are absent from the interradial region of the 
dorsal surface; in the others there are from 5 to 10 spines in each 
interbrachial area, in addition to those of the midradial line and 
apical area. The spines are for the most part very prominent, 
slenderer than the tubercles of O. nodosus, and upward of 20 mm. in 
length. The granules are absent, as a rule, from the tip, which is 
conical and sharp. Those covering the lower part of the spine are 
a little larger than the granules covering the plates, crowded, flat, 
and polygonal. In the largest example, having R=170 mm., 
3 of the 5 primary radial spines are double, and there are 
3 spines within the apical area. In all the specimens the 
interbrachial inferomarginal spines are poorly developed, and in 
an example from station 5141 there is only a single small tubercle 
in 2 interradii, but 2 to 4 prominent inferomarginal spines at the 
end of the ray. The superomarginal spines are usually very promi- 
nent, especially in a specimen from station 5146, where there are 
upward of 14 on either side of each ray, most of them ending in a 
bare, conical sharp point. In 2 interbrachia there is a single supero- 
marginal spine. This specimen has 3 to 5 interbrachial infero- 
marginal small, blunt, tuberculate spines. The trabeculae separating 
the papular areas are well marked, except sometimes the transverse 
ones of the series of areas just above the superomarginals, where the 
areas may be partly confluent. Along either side of the ray, which 
is naturally high, are 3 well-marked lines of papular areas, with 1 or 
2 additional for a very short distance at the base of ray. The upper- 
most series may be subdivided into 2 series of alternating triangular 
areas, while the areas of the 2 lower series are rectangular, elliptical, 
or irregular. 

In addition to long, low, bivalved, slit-like pedicellariae on the 
trabeculae, there is a very variable number of small upright forceps 
pedicellariae on the papular areas. The jaws of these vary in height 
from about the length of the surrounding granules (Jolo) which 
are subconical or convex, to twice the length (stations 5149, 5254) or 
a little over. 
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A specimen from station 5141 has numerous much larger pedicel- 
lariae with slender, curved, spatulate jaws about 4 times as high 
as the granules. These are on the papular areas while the usual slit- 
like form occupies the trabeculae. 

The adambulacral armature does not agree with the description 
of Perrier. There as 7 or 8 furrow spines (5 or 6 in the type), but 
in a specimen from station 5254, 9 or 10. Subambulacral spines 2 
or 8, heavy, with wrinkled tips. External to these is a second series 
of 2 or 8 shorter spines, or rather enlarged granules, likewise with 
slightly wrinkled tips. Perrier speaks of but 1 series of subambu- 
lacral spines. These specimens are really triplacanthid according to 
Bell’s classification. The granules of the actinal surface are very 
unequal in size, some of them being fairly tuberculate. 

A young example with R=23 mm. has developed low primary ra- 
dial spines, several superomarginal spines, and upward of 5 supero- 
marginal spines at the end of ray only. The disk is low and the 
general appearance goniasterid. A slightly larger specimen has 
developed a few additional lophial spines. Furrow spines 5 or 6; 
usually 2 subambulacral spines. 

Four to 6 small intermarginal plates are present in each inter- 
brachium. The largest can sometimes be detected, but the smallest 
are obscured by the granules. 

Type-locality.—New Caledonia. 

Distribution—New Caledonia and Philippine Islands. 

Specimens examined.—Nine: 

Jolo Market, Jolo; 1 specimen. 

Station 5136, off Jolo Light, Jolo, 22 fathoms, sand, shells; 1 
specimen. 

Station 5141, off Jolo Light, Jolo, 29 fathoms, coral sand; 1 
specimen. 

Station 5146, off Sulade Island, vicinity of Jolo, 24 fathoms, coral 
sand, shells; 1 specimen. 

Station 5149, near Sirun Island, vicinity of Siasi, Sulu Archi- 
pelago, 10 fathoms, coral, shells; 1 specimen. 

Station 5165, near Observation Island, Tawi Tawi Group, Sulu 
Archipelago, 9 fathoms, coral; 1 specimen (young). 

Station 5258, off Linao Point, Gulf of Davao, Mindanao, 28 
fathoms coral; 1 specimen (young). 

Station 5254, same locality and depth; 1 specimen. 

Mansalay Bay, southeast Mindoro, 5 to 10 fathoms, 1 young. 

Remarks.—This species seems to have been known previously only 
from New Caledonia, where it has a near relative, O. novae-cale- 
doniae (Koehler). It is nearest O. linckii, to which none of the 
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Albatross specimens appear to be referable. It is especially char- 
acterized by the very prominent, often sharp dorsal spines, together 
with supero- and inferomarginal spines. 


Genus PENTACEROPSIS Sladen. 


Pentaceropsis SuUADEN, 1889, p. 350. Type, P. obtusata [=Asterias obtu- 
sata Bory de Saint Vincent]. 


PENTACEROPSIS TYLODERMA Fisher. 
Plate 94, figs. 8, 8a—b; plate 97, fig. 1; plate 98, fig. 2; plate 100, fig. 1. 
Pentaceropsis tyloderma WisHER, 1918c, p. 209. 


Diagnosis —Differing from P. obtusata in having one series of 
subambulacral spines, in lacking inferomarginal tubercles, except on 
the first few plates, in having less prominent distal superomarginals 
without smooth tubercles, and very much smaller granules among 
the papulae than on the convex plates. R=94 mm., r=49 mm., 
R=1.9 r; breadth of ray at base, 44 to 54 mm. Disk inflated, rays 
convex, much lower than disk; actinal surface subplane; inter- 
brachial ares well rounded; rays broad, tapering little until near the 
end, which is rounded. 

Description.—Abactinal surface of disk convex or inflated, about 
half as high as width of ray at base. No true spines anywhere ex- 
cept on the adambulacral and mouth plates. Abactinal surface 
paved with plates of about 3 sizes, but only 2 of these are evident 
externally, because the small ossicles which fill in the spaces between 
the large plates are covered with granules. First the appearance of 
the abactinal surface before the removal of granules: There is a not 
very regular carinal series of about 12 convex, transversely elliptical 
plates, starting with the primary radial, spaced about one-fourth to 
one-half their longer diameter, which varies from 4 to 7 mm. Be- 
tween this and the superomarginal series are 3 others, not at all 
regular, spaced, convex, decreasing in size toward the margin, the 
adradial plates being transversely elliptical, the others irregularly 
roundish. ‘Two dorsolateral series reach the end of the ray, the 
third extends about.two-thirds or three-fourths the length of ray, 
while in the interbrachial ares are 2 additional series, the plates 
being rather small and of secondary size. These primary plates are 
covered with close-set, flat, or very faintly convex polygonal gran- 
ules, which increase very rapidly in size from the margin toward 
the center, where 1 to several are conspicuously larger than the rest 
and slightly more convex. The plates of second size are widely 
spaced, unequal, and, except near the ambitus, are conspicuously 
smaller than the primary plates. They are most numerous on the 
disk and proximal portion of ray, rather few on the outer part of 
ray. They are convex, and usually bear a relatively large hemi- 
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spherical tubercle, very much larger than the granules surround- 
ing it. 

Between the primary and secondary plates the integument is 
thickly beset with very small, unequal, convex, subconical, or even 
spinuliform granules, largest on the center of the small intercalary 
ossicles and smallest on the margin of the papular pores. Small 
pedicellariae with spatulate jaws slightly higher than wide, or some- 
times wider than high are scattered among the granules, which they 
exceed little or not at all in size. Papular pores, rather evenly dis- 
tributed, occupy all this granular area among the primary and sec- 
ondary plates, even to the tip of ray, and likewise between angular 
dorsal extensions of the superomarginal plates. There is no subdi- 
vision into areas. 

Tf a portion of the dorsal surface is cleared of granules the primary 
plates are seen to have a scalloped or crenulate margin best marked 
on the radial series. ‘The secondary plates also usually have 5 to 7 
short lobes or indentations on the margin. The intercalary ossicles 
are of various sizes and forms, often elongate and do not extend to 
the coelomic side of the body wall. The smaller the ossicle, the more 
superficial it is. The body wall is very thick (5 or 6 mm.). Only 
the primary and secondary plates form its entire thickness. Viewed 
from the coelomic side the plates form regular series in quincunx. 
The primary plates have, on either side, 2 elliptical slender ossicles 
which bind each to 2 plates on that side. The plates are subequal 
and transversely elongate as viewed from the inner side, but the 
superficial end of alternate plates (or sometimes 2 together) may be 
of only secondary size, or even be obscured by the intercalary gran- 
ules. Such are the secondary plates which form longitudinal series 
with the primary plates. The secondary plates, which are between 
the longitudinal series, abut against the small connecting ossicles of 
the coelomic side, so that their inner ends are not seen, being obscured 
or covered by these lateral connecting ossicles. 

The arrangement of the abactinal plates is similar to that in the 
genus Asterodiscus, and unlike that of Oreaster. 

Ambitus bounded by superomarginals, the inferomarginals being 
actinal. Superomarginals 16 to 18, wider than long, convex, unequal, 
and triangular in general form, the apex dorsal. The largest plates 
are near the middle of ray, whence they decrease in size toward 
either end of the series. The largest are about 7 mm. wide by 4 
long, and are covered by polygonal granules similar to those of the 
dorsal primary plates, largest in center and decreasing rapidly in 
size toward the periphery. Between the dorsal angular ends of the 
superomarginals are numerous papulae forming a serrate border to 
the abactinal papular area. These papulae sometimes extend nearly 
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to the inferomarginal plates. In 1 case there is a small isolated 
intermarginal papular area with 7 papulae. 

The inferomarginal plates are for the most part opposite the su- 
peromarginal, but become more numerous at the end of the ray, there 
being 20 or 21. They are wider than long and oval in form, the 
narrower end toward the furrow. The plates increase rather rap- 
idly in size up to the middle of the ray, then decrease very gradually 
to near the end of ray, then rapidly. They are very slightly convex, 
but plane in the midle and paved with close-set polygonal granules, 
which increase in size toward the outer margin, without attaining the 
size of the largest superomarginal granules, except on the first 3 or 4 
plates. These plates are smaller than the others, and covered by 
granules which look as if they had flowed onto the plates from the 
actinal intermediate area. The outer end of some of the plates 
bears a low flattened tubercle. 

The small intermarginal plates are found both at the base of the 
ray and irregularly near the tip. The proximal ones, numbering 
7 to 10 extend one-third to one-half the length of ray; the outer 
3 or 4 of these are isolated. Then, near the end of the ray are 2 to 4 
small isolated plates at the corners of the marginals. On one ray 
the series extends from interradius to near the tip, skipping only 2 
marginals twice. There are about 18 plates in this series, some very 
small. The first 2 or 3 usually have a central flattened tubercle, in 
addition to polygonal, more or less elevated granules; the others are 
granular. 

Terminal plate small, convex, abactinal in position. It is granu- 
lar and shows the scar of a small terminal tubercle. 

Actinal intermediate plates in series from adambulacrals to mar- 
gin, the first complete series leaving the fourth adambulacral and 
meeting first inferomarginal. It abuts against the corresponding 
series of the adjacent ray at the middle of r. In the angular area 
thus inclosed, are less regular, more convex plates, the central gran- 
ules very prominent, and sometimes tubercular. The other plates 
are slightly convex, and covered with slightly spaced polygonal 
granules (with rounded corners) 1 or 2 series on the margin of the 
plates being considerably smaller than the rest. The plates adja- 
cent to adambulacrals extend nearly to tip of ray; the series parallel 
to this is very irregular, but reaches nearly as far, its plates being 
separated on outer part of ray by the inner end of the inferomargi- 
nals. Rather small, low, beveled pedicellariae are present on the 
plates adjacent to adambulacrals. 

Adambulacral armature like that of Oreaster. Furrow spines 8, 
the 2 central about as long as the slightly curved furrow margin, the 
others rapidly diminishing in size, the laterals being only one-fourth 
or one-fifth the length of the mesial. Subambulacral spines 2 (less 


STARFISHES OF THE PHILIPPINE SEAS. 353 


often 3), becoming 1 near the end of ray. They are stout, flat, as long 
or longer than extreme width of plate, round tipped or truncate, fre- 
quently broader at tip than base, and smooth. The outer edge of 
plate is bordered by 6 or more small pinched granules, which also 
extend a variable distance along the transverse margins. A slender 
slightly curved, 2-jawed, upright pedicellaria stands near the adoral, 
inner corner of plate, with frequently a second smaller one a short 
distance back of it, or sometimes near the outer adoral corner. 

Mouth plates with 14 to 18 furrow spines the adoral 4 heavy, the 
rest decreasing very rapidly, the aboral being short. All the smaller 
spinelets are slender, more or less flattened, and bent toward the 
mouth angle. Subambulacral spines 5, the 2 series uniting at the 
inner end and forming a horseshoe-shaped series for each mouth 
angle. Outer end of mouth plates granular, with numerous pedicel- 
lariae, as in Oreaster. 

Madreporic body large, roughly 4-sided (unsymmetrical lozenge 
shape), flat, with numerous fine striae. It is at the edge of the apical 
area, its outer end a little less than 4 r from center. 

The color in alcohol is a very deep brown, almost black; the speci- 
men was bleached for photographing. 

Type.—Cat. No. 32632, U.S.N.M. 

Type-locality —Tictauan Island, east of Zamboanga, Mindanao. 

Distribution.—Known only from type-locality. 

Remarks.—Pentaceropsis tyloderma differs from P. obtusata* in 
having only 1 series of usually 2 (1 to 3) subambulacral spines (not 
2 series of 3 to 4 each); slightly more numerous furrow spinelets 
(8, in obtusata 5 to 7); in having larger triangular superomarginal 
plates, without special tubercles (small, roundish, and with tubercles 
in obtusata). In obtusata the abactinal plates which are convex are 
more numerous and closer together, and the medioradial series is not 
so clearly distinguishable as in tyloderma. The photographic fig- 
ures will give a better idea of the exact appearance of the creature. 

Nearly a year after the original description of P. tyloderma was 
published I saw at the Museum d’Historie Naturelle 7 dried speci- 
mens of P. obtusata from Mindoro (No. 247875). While I was not 
able to make a direct comparison with tyloderma, even a hasty ex- 
amination showed me that they belonged to a distinct species. Per- 
rier’s notes in the Revision (p. 250) were based largely upon these 
specimens. A few weeks later I saw 2 specimens of Pentaceropsis 
at the British Museum. One, from Blanch Bay, New Britain (Willey 
collection) is almost certainly not obtusata; neither does it appear 
to agree well with tyloderma, having very small superomarginals, 
and also a quite different facies from the Paris specimens. A smaller 


1 Description by Mtiller and Troschel, 1842, p. 50; Perrier, 1875, p. 250. 
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example (No. 399, Cebu, Challenger) has been recorded by Sladen 
(1889, p. 351). This, also, agrees very poorly with the Paris speci- 
mens which may be regarded as typical, but as I was unable to make 
notes from a direct comparison of specimens, any general observations 
would be uncalled for. 

Unless Pentaceropis is extraordinarily variable there are prob- 
ably at least 2 forms going by the name of obtusata. 

Pentaceropsis euphues Sluiter (1895, p. 56) is a small species (R. 
26 mm.) with marginal and abactinal spines. It is possibly a young 
specimen and not a Peniaceropsis. The present species is placed in 
the genus Pentaccropsis on account of the presence of a conspicuous 
intermarginal series of plates and the externally nonreticulate dorsal 
skeleton. The first character is of doubtful value. Sladen (1889, 
pp. 348 and 850) gives it primary importance, but intermarginal 
plates of quite noticeable size are present in large examples of 
Oreaster hawaiiensis and O. occidentalis (Fisher, 1906, p. 1073). I 
find small intermarginal plates (4 to 6 in each interbrachium) in 
even medium-sized examples of O. nodosus, completely obscured by 
the granulation; still larger ones are present in O. alveolatus and O. 
mammillatus, but apparently not in O. reticulatus. I have not been 
able to examine other species, but I have no doubt that the character 
is widespread in the genus. 

Probably the most importance difference between Oreaster and 
Pentaceropsis is the structure of the abactinal skeleton, which exter- 
nally is not reticulate, although internally the short connecting 
ossicles between the longitudinal rows of primary plates constitute 
the beginnings of such a structure. The superficial skeleton is com- 
posed of very numerous small ossicles closely packed between the 
conspicuous primary plates, and among the former are numerous 
papulae not set off into separate areas. The abactinal skeleton is 
quite similar to that of Asterodiscus, although internally the skele- 
ton of the latter is obviously reticulate, having rather long inter- 
mediate ossicles arranged stellately between the primary plates, and 
forming sunken triangular areas. 


Genus ASTERODISCUS Gray. 


Asterodiscus Gray, 1847a, p. 176; 18476, p. 75; 1866, p. 5. Type, A. elegans 
Gray. 
KEY TO THE KNOWN SPECIES OF ASTERODISCUS. 
a2  Abactinal tubercles conical, more or less acute to hemispherical, or truncate 
hemispherical; R=less than 18 r. 

b.2 Only the primary abactinal tubercies with a basal circle of granules; no 
small granules thickly scattered between the tubercles; inferomarginal 
plates subequal to superomarginals, the surface with several large gran- 
ules and a small tubercle; superomarginals abactinal in position, covered. 
with coarse granules; marginal granules of actinal. intermediate plates 
very coarse; four or five furrow spines-____---___-____ elegans Gray, p. 355. 
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v.2 All the abactinal tubercles with a basal circle of granules; numerous 
small granules thickly scattered between the tubercles; inferomarginal 
plates conspicuously smaller than superomarginals, the entire surface oc- 
cupied by a conical tubercle; superomarginals lateral in position, most of 
the surface bare; marginal granules of actinal intermediate plates small; 
SION VEU LULTOW WSIS eee as een AO DD ey tuberculosus Fisher. 

a.” Abactinal tubercles obconical to obovate, broader at summit than at base, 
the surface convex or truncate; R=2 r. 

62 Superomarginal plates distinguishable, the terminal only moderately 
large (8 mm. diam.) ; inferomarginals 9 or 10; abactinal tubercles fewer 
and very large (6 to 7.5 mm. diam.) ; actinal intermediate tubercles not 
large, nor spatulate or flattened, near furrows; furrow spines four; outer 
subambulacral spine not flattened nor heavier than the inner. 

truncatus Coleman. 

b. Superomarginal plates not distinguishable, the terminal unusually large 
(18 mm. diam.) ; inferomarginals about 18; abactinal tubercles, especially 
the secondaries more numerous, and all smaller (2.5 to 8 mm. diam. for 
largest) ; actinal intermediate tubercles larger toward furrow, and spatu- 
late or flattened; furrow spines three; outer subambulacral spine flat- 
tened and heavier than inner_________.----=-----. heionotus Fisher, p. 357. 


ASTERODISCUS ELEGANS Gray. 


Plate 97, fig. 2; plate 101, fig. 2. 


Asterodiscus elegans Gray, 1847a, p. 176; 1847b, p. 75; 1866, p. 5, pl. 12, 
figs..1 and 2. 


Notes on Philippine specimens.—The specimens are referred to this 
species with considerable hesitation, because there is no adequate de- 
scription of Gray’s types, and his figures do not show the side view 
of the ray which is desirable when the description is so meagre. The 
specimens are more stellate than Gray’s figure; nearly as much as the 
type of A. tuberculosus, e. g., R=36 mm.,r=24 mm.,R=1.5 r. There 
are more numerous abactinal tubercles than are represented in Gray’s 
figure, and these are of a low, blunt, conical form, not truncate. A 
fairly regular carinal series of 11 is present; and alternating with 
them on either side is a less regular adradial series, with the be- 
ginning of a second series near the center of disk. These primary 
tubercles are surrounded at the base by a ring of convex granules, 
but the smaller unequal slightly spaced secondary tubercules which 
cover the rest of the abactinal surface are almost always without the 
granules at the base, unless the tubercle is nearly as large as the pri- 
mary ones. Herein lies a conspicuous difference between this species 
and A. tuberculosus Fisher. In the latter all the tubercles are sur- 
rounded by bead-like granules, and between the tubercles are many 
minute granules thickly covering the whole test. These are absent 
in this specimen of elegans. Nearly all the larger tubercles have at 
the base a pedicellaria with 2 slender curved jaws nearly as long as 
the, tubercle; these are present also beside many of. the smaller 
tubercles. 
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What appear to be the superomarginal plates are 2 in number 
(omitting the large distal plate) and are relatively widely separated 
from the inferomarginals (3 mm.), being actually abactinal in posi- 
tion, and the outer is at the proximal third of ray. They are covered 
by 4 or 5 tubercles (one larger than the rest) and a circle of tumid 
granules. 

In A. tuberculosus the 3 superomarginals are relatively less spaced 
from the inferomarginals and have a conspicuous bare surface. In 
elegans the superomarginals and the tubercular intermarginal plates 
may bear a pedicellaria. The terminal superomarginal is broadly 
oval, less convex, and larger than in tuberculosus, its long diam- 
eter being 5.5 mm. or about one-fourth the length of ray meas- 
ured on side. Inferomarginals 9, decreasing regularly in size, cov- 
ered with coarse granules, with usually a tubercle on the margin. 
The proximal 4 or 5 are separated by 1 or 2 vertical series of plates. 
They are about equal in size to the superomarginals, whereas in A. 
tuberculosus the inferomarginals are conspicuously the smaller, and 
moreover bear a large acorn-shaped tubercle occupying all or nearly 
all the surface of plate. 

The actinal intermediate plates bear 5 to 10 very coarse unequal, 
convex or tubercular granules, 1 of which is enlarged into a hemi- 
spherical or low acorn-shaped tubercle, 1 or 2 of the granules being 
only slightly smaller. These tubercles are most prominent on the 
outer half of ray, and near the mouth plates, being smaller inter- 
radially. Many of the plates bear a curved slender 2-jawed 
pedicellaria. 

Furrow spines 4, slightly compressed, round-tipped, the adoral 
slightly shorter than the other 3. Subambulacral spines 2, heavy, 
round-tipped, in a transverse series, the outer the shorter. The mar- 
gin of plate is provided with a series of small pinched granules. 
Marginal mouth spines 8; suboral spines usually 3 in a series parallel 
to furrow. 

The differences between this species and A. tuberculosus may be 
summed up as follows: tubereulosus differs from elegans in having 
numerous small granules between the abactinal tubercles, and sur- 
rounding not only the primary tubercles, but also the secondary ; 
these granules are smaller and more beadlike; the superomarginal 
plates are conspicuously larger than the inferomarginal (not sub- 
equal), are lateral in position (not abactinal), and are situated nearer 
to the inferomarginals; they are mostly naked and surrounded by 
a series of beadlike granules; the inferomarginals, instead of being 
covered by numerous coarse granules (as in edegans), are provided 
with an acorn-shaped tubercle occupying all the surface of the plate; 
the terminal superomarginal is more convex and smaller; in elegans 
the actinal intermediate granules or tubercles of each plate are 


STARFISHES OF THE PHILIPPINE SEAS. Bore 


nearer of a size; that is, the marginal granules are very coarse, while 
in tuberculosus they are small. The adambulacral formula of tuder- 
Sere) or oi, in elegans it is afer), The adam- 
bulacral pedicellariae found by Sladen in the Challenger specimen 
of elegans do not appear to be present in the Albatross specimen. 
Type-locality.—Gray states that the locality is unknown, but Per- 
rier (1875, p. 256) records the type as from northeast China. 
Distribution—Philippine Islands and rortheast China(?). 
Specimens examined.—Station 5481, 3.8 miles southeast Cabugan 
Grande Island, Surigao Strait, east of Leyte, 61 fathoms, sand, 
shells, gravel; 1 specimen. 
Station 5482, 4.5 miles southeast of Cabugan Grande Island, 67 
fathoms, broken shells, sand, green mud; 1 specimen. 


culosus is 


ASTERODISCUS HELONOTUS Fisher. 
Plate 95, figs. 1, la; plate 96, figs. 1, 2. 
Asterodiscus helonotus FISHER 1913c, p. 210. 


Diagnosis —Similar in shape and general appearance to A. trun- 
ceatus Coleman, but differing in having smaller and more numerous 
abactinal tubercles (of a similar form), much larger terminal supero- 
marginal plate, less conspicuous margina! plates (the superomar- 
ginals not distinguishable) ; more numerous inferomarginal plates, 
9 underlying the terminal superomarginal, and others bearing a 
large, compressed, fan-shaped tubercle; flattened or spatulate actinal 
intermediate spines near furrow, where they are larger than near 
margin; only 3 furrow spines; outer subambulacral spine flattened, 
and heavier than the inner (the reverse in truncatus) ; inner mouth 
spines shorter than the others. R=98 mm., r=48 mm., R=2 r; 
breadth of ray at base, about 53 mm.; general form depressed, 
strongly stellate. 

Description —Abactinal tubercles similar in form to those of A. 
truncatus, but much smaller and much more numerous. Larger 
tubercles not arranged in evident series, in form resembling inverted 
truncated cones, the base of the cone being convex, and the truncated 
_ end immersed as it were in the plate and surrounded by a circle of 
small beadlike granules. Packed closely among the largest tubercles 
are more numerous smaller ones of several sizes, more numerous than 
in A. truncatus. These are clavate, or obovate, more or less irregu- 
lar in form, and toward the margin of the disk a certain number be- 
come slenderer, and take on a more cylindrical form, with a well- 
rounded summit. The secondary tubercles are all considerably higher 
than thick and all except the smallest have at least a few inconspicu- 
ous granules around the base. The height of an average primary 
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tubercle is 2 to 2.5 mm. and its breadth at the top 2.5 to 3 mm. (in 
truncatus similar measurements of a comparable specimen are 3.5 
to 4.5 and 6 to 7.5). Between the tubercles are widely spaced small 
granules similar to those around the base of the tubercles. Numer- 
ous long, very slender, 2-jawed pedicellariae straight or curved at 
the end stand beside many of the tubercles. Sometimes the tips of 
the jaws are widened and truncate. Papulae small generally dis- 
tributed. <A peculiarity of the abactinal and to a less extent the 
actinal tubercles is that they are very deciduous. The specimen 
appears to have been well hardened, however. 

The marginal plates are difficult to differentiate from the others. 
Eighteen inferomarginals (of which 9 underlie the large terminal 
superomarginal) can be distinguished, although the 3 or 4 widely 
spaced proximals are just like the abactinal tubercles. The distal 
plates are closer together and bear each a compressed, almost fan- 
shaped tubercle, quite different from the rest. This becomes sub- 
conical on the distal half dozen small plates. The papulae extend 
up to and even between the inferomarginals, so that the superomar- 
ginals can not be positively identified. The terminal superomar- 
ginal is larger than in any other species, broadly oval, the broad 
end actinad, and is bordered by a single row of beadlike, elliptical, 
granules. Although the surface is curved it is not tumid. Major 
diameter 13 mm., minor diameter, 10.5 to 11 mm. (In a large speci- 
men of truncatus the nearly circular terminal superomarginal is 
8 mm. in diameter.) 

Each actinal intermediate plate has a conspicuous tubercle accom- 
panied by 1 to 3 much smaller tubercular spines of unequal size, and 
also often a slender 2-jawed pedicellaria such as are common on the 
abactinal surface. The plates are surrounded by unequal pinched 
or prismatic granules, with numerous other smaller granules in the 
shallow depressions between the plates. The large tubercles are 
globose or obovate, sometimes slightly compressed, near the margin 
of disk, but increase in length and become decidedly compressed as 
the furrow is approached. Those bordering the adambulacral plates 
are strongly compressed and subspatulate, with a truncate or 
slightly rounded, beveled distal edge. The spines of the next series 
are not quite so long or so compressed. Usually 1 or 2 slenderer, but 
conspicuous, spines accompany each of the large spines, while on 
these inner plates 1 or more of the marginal granules may be consid- 
erably enlarged. The series of plates adjacent to adambulacrals 
reaches about as far distally as the middle of the large superomar- 
ginal. The next series does not reach the inner end of the big 
plate. In all there are about 7 chevrons of plates. 

Furrow spines 3, rarely 4, subequal, slender, compressed, tapering 
slightly, round-tipped, about 1.5 times the length of base line of the 
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comb, and when standing upright reaching about half the length of 
the inner subambulacral spine. Subambulacal spines 2 (3 on first 2 
plates), in an oblique transverse series, the outer conspicuously the 
larger and situated adorad of the inner. The outer spine is flattened, 
untapered, with a rounded or truncate tip, and is slenderer than the 
adjacent spatulate actinal intermediate spines. The inner spine is 
slenderer and slightly flattened in a plane oblique to furrow. Near 
the end of ray the inner spine is subspatulate at tip and a little 
heavier than the outer. Adorad of the inner spine is usually an up- 
right pedicellaria with 2 slender, lanceolate, or narrowly spatulate 
jaws about as long as the furrow spines. Margin of plate bordered 
by unequal pinched granules. 

Mouth plates narrow, with 7 furrow and 4 heavier suboral spines in 
a parallel series. The innermost mouth spine of each jaw is shorter 
than the next spine. The angle pair of spines is therefore less con- 
spicuous than usual in this family. 

Madreporic body convex, with fine radiating convoluted striae, 
situated about two-fifths r from center. 

The dorsal skeleton from the coelomic aspect differs from that of 
A. truncatus. Yn the latter the large primary plates are connected by 
2 slender ossicles end to end, the junction resting on a secondary plate. 
There are 6 of these double ossicles radiating from each plate, and 
the triangular meshes of the skeleton thus formed are unusually 
large. In A. helonotus the primary plates, with some exceptions, are 
connected by a single ossicle, longer, however, than 1 of the ossicles 
in A. truncatus. Six of these radiate from each primary plate; the 
inclosed triangular meshes are smaller than in 4. truncatus. Tt has 
already been pointed out that the primary plates are more numerous 
in A. helonotus. 

Type.—Cat. No. 32633, U.S.N.M. 

Type-locality.—Station 5149, off Sirun Island, vicinity of Siasi, 
Sulu Archipelago, 10 fathoms, coral, shells; 1 specimen. 

Distribution—Known only from type-locality. 

Remarks.—The chief points of difference between this species and 
A. truncatus have been alluded to in the diagnosis. In truncatus the 
abactinal tubercles are much larger, as I have had the opportunity 
of comparing a small portion of the abactinal surface of A. truncatus 
directly with that of A. helonotus, where the secondary tubercles 
closely fill the interspaces between the primary tubercles. In trwn- 
catus the secondary are less numerous and leave wider interspaces, 
and are actually larger than the primary tubercles of helonotus. The 
large size of the terminal superomarginal, as well as the small size 
of the other superomarginals, appear to be differences of importance. 
In A. truncatus there are 9 or 10 inferomarginals, in elegans 9, in 
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tuberculosus 9 or 10, but in helonotus there are about 18, the distal 9 
underlying the large superomarginal. It would seem that the number 
of inferomarginals is a fairly conservative character and that the 
greatly increased number in helonotus affords a distinguishing fea- 
ture of great importance. The ray grows not so much by the addition 
of new marginals as by the interpolation of additional intermar- 
ginals between the already existing inferomarginals. In this species 
the furrow spines reach the smallest number for the genus, the 2 sub- 
ambulacral spines are unusually long, and the inner, not the outer, 
is the slenderer. 

A. helonotus differs from elegans and tuberculosus in respect to 
the form of the abactinal tubercles, the more numerous inferomar- 
ginals, larger terminal superomaginals, indistinguishable proximal 
superomarginals, spatulate and spiniform inner actinal intermediate 
tubercles, fewer furrow spines, longer subambulacral spines (the 
inner being the slenderer), and the short angle-spines of the mouth 
plates. The inferomarginal tubercles of A. helonotus are of a com- 
pressed flaring form, somewhat fan-shaped, and entirely different 
from the conical tubercles of tuberculosus or elegans. 


Genus CULCITA Agassiz. 


Culcita Acassiz, Mém. soc. sci. nat. Neuchatel, vol. 1, p. 192. Type, 
Asterias discoidea Lamarck=Asterias schmideliana Retz. 


CULCITA NOVAE-GUINEAE Miiller and Troschel. 


Culcita novae-guineae Mtriter and TroscHetr, 1842, p. 38. 


Notes on Philippine specimens.—Of the 4 specimens from station 
5136, 1 shows considerable leaning toward variety plana. These 
specimens have not quite such prominent spines on the spaces be- 
tween the papular areas as the specimen figured by Déderlein (1896, 
pl. 19, figs. 3, 8a), and the ventral side more nearly agrees with his 
figure la (same plate) representing variety plana. But the spaces 
between thé papular areas are very narrow and the short pointed 
spines are more numerous than in the specimens of plana listed be- 
low, and more numerous than in Déderlein’s figures of plana. Fur- 
row spines 6 or 7. The largest specimen has R, 97 mm. 

Goto has recently published notes and figures of this species and a 
review of the literature, as well as a very useful key to the species 
and varieties of the genus. (Goto, 1914, pp. 515-604, pl. 17, figs. 
252-262.) 

Distribution.—Déderlein gives the distribution of the typical form, 
Amboina to Samoa. Goto (1914, p. 507) records it from the Ryukyu 
Archipelago, and I have examined a specimen from Kagoshima, 
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Japan. The specimens herewith recorded from the Philippine 
Islands constitute a new record. 

Specimens examined.—Six: 

Station 5136, off Jolo Light, Jolo, 22 fathoms, sand, shells; 4 speci- 
mens. 

Tictauan Island, east of Zamboanga, Mindanao; 1 specimen. 

Reef opposite Cebu, Cebu; 1 specimen. 


CULCITA NOVAE-GUINEAE, Young. 


Two specimens of “ Goniodiscus sebac,’ the young of Culcita 
novae-guineae, are present in the collection from the following locali- 
ties: 

Tataan, Simaluc Islands, Tawi Tawi Group, Sulu Archipelago; 
1 specimen. 

Sablayan Bay, Mindoro, 1 specimen. 


CULCITA NOVAE-GUINEAE PLANA Hartlaub. 


Culcita plana HARTLAvB, 1892, pp. 74 and 84. 

Notes on Philippine specimens.—In respect to the size of the papu- 
lar areas and the breadth of the interpapular spaces some of these 
specimens approach very closely the variety arenosa Perrier. The 
ventral surface is almost exactly like that figured by Déderlein for 
plana (1896, pl. 19, fig. 1a). A peculiarity of these specimens is 
the fact that the spaces between the papular areas are almost wholly 
without spines, but are covered with a very fine uniform granulation, 
among which are minute 2-jawed pedicellariae, a little larger to 
twice as large as the granules. In the roundish papular areas, 
which frequently touch, are unequally spaced rather few short coni- 
cal spinelets, surrounded by granules slightly larger (or at least 
longer) than those of the interpapular areas. On the margin, which 
is high, there are usually a very few widely spaced short conical 
spinelets on the interpapular spaces, but these are lacking on the 
dorsal surface, except in a very large specimen from Cataingan Bay, 
Masbate. Here the spinelets are small and very widely spaced, and 
absent from a part of the disk. 

Distribution—Déderlein gives Sumatra to Samoa as the distri- 
bution of this form; Hartlaub gives Samoa, Viti, New Guinea, 
Philippines, Amboina, and Mauritius. 

Specimens ewamined.—F our: 

Station 5145, off Jolo Light, Jolo, 23 fathoms, coral sand, shells: 
2 specimens. 

Station 5160, off Tinakta Island, Tawi Tawi Group, Sulu Archi- 
pelago, 12 fathoms, sand; 1 specimen. 

Cataingan Bay, Masbate, 1 specimen (R=130 mm.). 
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Genus HALITYLE Fisher. 


Halityle FISHER, 1918c, p. 211. Type, Halityle regularis FIsHeEr. 
Culcitaster H. L. CrarK, 1915, p. 144. Type, Culcitaster anamesus Clark. 

Diagnosis —Dittering from Culcita in having the marginal plates 
visible in the adult, and in having the papulae in very numerous, 
regularly arranged triangular areas, resembling those of Oreaster, 
usually in sixes around each primary plate; in having regularly 
tessellated actinal intermediate areas. Form pentagonal, or pentag- 
onal-stellate with very short rays; no spines on any plates except the 
adambulacral and mouth plates; bivalved and spatulate pedicel- 
lariae present; end of rays permanently recurved so that the ambu- 
lacral furrow becomes dorsal at the apex. 

Remarks.—The type-species is of large size and has retained the 
phanerozoniate character of young Culcita. This feature and the 
regularly arranged, triangular papular areas generally in sixes, and 
the very conspicuously, regularly tessellated actinal surface provide 
a combination of characters not duplicated in either Culcita or 
Oreaster. 

I think there is little doubt that Culcitaster Clark will have to be 
merged with Halityle. The type is from the coast of West Aus- 
tralia. It has short rays at the corners of the swollen dispropor- 
tionately large disk. The regular arrangement of the abactinal plates 
and papular areas, and the tessellation of the actinal surface are 
the same as in #7. regularis. One important difference, however, is 
that the marginal plates are concealed except on the terminal third 
of the ray. Whether this is of generic value can not now be deter- 
mined. 

I agree with Doctor Clark that it is difficult to understand how so 
large and conspicuous a form should have so long remained unde- 
scribed, and like him I have been unable to find anything in the 
literature which would indicate that European zoologists had ever 
seen either species. 

As Doctor Clark states, the genus appears to occupy a place be- 
tween Ovreaster and Culcita. 

The names Pandasia Gray, Goniodiscus Miiller and Troschel, and 
Goniodiscides Fisher (for Goniodiscus, untenable), do not enter into 
competition with //alityle, having been founded upon immature 
specimens of Culcita. 

HALITYLE REGULARIS Fisher. 
Plate 94, figs. 7, 7a; plate 95, fig. 10; plate 98, fig. 1; plate 99, figs. 1, 2; plate 100, 
figs. 1, 2. 
Halityle regularis F1isHer, 19138¢, p. 211. 

Diagnosis —Dittering from the species of Culcita in having well- 

defined marginal plates in the fully adult, no tubercles or spines on 
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abactinal or actinal plates, and in having more numerous abactinal 
plates, forming a very regular triangular reticulum, between which 
are triangular papular areas arranged in regular series parallel to 
the radial series of plates, and much more numerous than in @. 
schmideliana or C. novae-guineae, or their varieties; R=133 mm., 
r=95 mm., R=1.4 r; form massive, pentagonal with slightly arcuate 
sides which are perpendicular and formed by the marginal plates 
and about 1 series of adjacent large papular areas with intervening 
perpendicular trabeculae (each of which joins the upper end of a 
superomarginal plate) ; abactinal surface more or less swollen, and 
marked off into regular triangular papular areas by narrow trabecu- 
lae; whole surface finely granular with minute 2-jawed granuliform 
pedicellariae; no spines; actinal intermediate plates sharply marked 
off by sutural grooves and covered with a close mosaic of unequal, 
smooth, very compact granules; the 3 chevrons nearest furrow with 
an odd interradial plate, the others without; furrow comb compact, 
perpendicular, with 8 to 11 slender spines, the aboral end of 1 comb 
slightly overlapping the adoral end of the next younger comb. 
Description.—No spines on any plates except the adambulacral. 
Abactinal surface, which is variably inflated, marked off into very 
regular triangular papular areas, grouped in hexagons, the center 
of each of which is a primary plate, the diagonals (separating the 
6 triangles of each hexagon) being the slender connecting ossicles 
or trabeculae. The primary plates are arranged in quincunx in very 
regular series parallel to the median radial, on either side of which 
83 series can be plainly seen (especially if specimen is dry), with 2 
more in the angle made by the interradial line (which is marked by 
a clefinite series of ossicles and connectives) and the marginal plates. 
These last 2 rows are not so regular. At the center of disk the pri- 
mary radial and basal plates mark off a stellato-pentagonal apical 
area, Within which is a cycle or pentagon of 10 plates, inclosing an- 
other of 5 plates, the center of the latter being occupied by the cen- 
tral plate, and one of its sides by the anal aperture. These plates are 
all connected by regular trabeculae. Between each row of primary 
plates is a double row of the triangular papular areas containing 
50 to 70 pores (sometimes less in small areas). The areas just above 
the superomarginal plates are larger than the rest, containing up- 
ward of 150 pores, and instead of being triangular are roughly loz- 
enge shape or (transversely) elliptical. The trabeculae are covered 
with very small, crowded, polygonal, unequal, or subequal granules, 
shghtly convex in alecholic specimens, strongly convex to subconi- 
cal when dried. On the papular areas the granules are slenderer 
and longer, in the form of tapering minute spinelets (when speci- 
men is dry). In alcoholic specimens they appear very similar to the 
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interpapular granules. Several very small 2-jawed slender spatulate 
pedicellariae as long as to twice as long as the granules, are present 
in each papular area. In alcoholic specimens they are very incon- 
spicuous. 

The abactinal body-wall is about 5 mm. thick on the edge of the 
apical area, radially; in C. novae-guineae it is about twice that. The 
primary abactinal plates are about half as large and twice as nu- 
merous as those of (0. novae-guineae. In the latter there are 6 or 7 
primary plates in the radial series between middle of disk and end 
of ray; in Halityle there are 138 in a comparable specimen. As seen 
from the coelomic side the primary plates are slightly wider than 
long, with 6 lobes, the longitudinally directed ones being well-de- 
veloped (poorly developed or absent in specimen of novae-guineae 
examined). They are slightly slenderer than the lateral lobes. The 
connecting ossicles are slender and strongly overlap the lobes of the 
primary plates, being dorsal to them. As viewed from above in a 
cleared specimen these connecting pieces form a very regular tri- 
angular network. Within the apical area certain plates have 7 or 
§ radiating trabeculae. Embedded in the integument of the papular 
areas are numerous caleareous granules, many of which have a cen- 
tral pit for a pedicellaria. 

Marginal plates plainly visible, the inferomarginals the larger, 
both sets defining ambitus and perpendicular in orientation. Supero- 
marginals, slightly to not at all convex, roughly triangular, the base 
against the upper end of the corresponding inferomarginal, and the 
height greater than the length. Between the tapering sides of the 
superomarginals are the large papular areas above mentioned. 
There are about 22 plates to a side. The end of the ray or rather 
corner of the disk is turned upward, as usual in Culcita, and the last 
4 or 5 plates are all differently formed; the fifth from end is rather 
oblong and oriented obliquely; the fourth is unequally triangular; the 
third elliptical, oriented long way to furrow and abruptly smaller; 
the second irregularly oblong; while the first plate usually forms a 
yoke over the abactinal surface just behind the small terminal plate; 
sometimes this half ring is split into 2 plates. The normal condition, 
which is certainly exceptional among starfishes, is the yoke form, the 
plate being common to 2 superomarginal series. 

Inferomarginals are more nearly rectangular, but the lower end is 
rounded. They correspond to the superomarginals as far as about the 
sixth plate from interradial line, beyond which they are more numer- 
ous, there being 40 to the side. Those corresponding to last 4 supero- 
marginals (11 or 12 in number) are transversely oblong and fairly 
regular, decreasing rapidly in size to the end of ray. Actinal inter- 
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mediate plates impinge upon the lateral wall of disk between the 
lower ends of the proximal inferomarginal plates. Marginal plates 
covered with close, fine, unequal, polygonal granules, the supero- 
marginal a trifle larger than the abactinal, these increasing in size 
toward the middle of the inferomarginals where the granules are 
conspicuously larger, irregularly polygonal, and similar to those of 
the actinal intermediate plates. Minute 2-jawed pedicellariae, as a 
rule smaller than the granules, are scattered over the inferomarginal 
plates and very sparingly on the superomarginals (sometimes none). 
The surface of the plates is smooth in alcoholic specimens, the pedicel- 
lariae being sunk in shallow pits. 

Actinal intermediate plates, very clearly outlined by furrows, there 
being 3 regular chevrons of oblong plates (long axis transverse) with 
an odd plate at apex, followed by about 6 less regular chevrons of 
elongate hexagonal plates without an unpaired interradial plate. The 
distal plates of each series are less regular and are situated on the 
rounded angle between ventral and lateral surfaces. The plates ad- 
jacent to furrow are the largest and generally oblong, although the 
external side may have 2 facets. The intermediate plates also form 
fairly regular series from the adambulacrals to the margin. The 
plates are covered with flat, unequal, irregularly polygonal, close- 
set granules, the middle of the plate being plane, but curving down 
abruptly at the margins, to the conspicuous sutural furrows. The 
plates near the mouth angle are surrounded by a fold of the integu- 
ment, as if by a frame, on which the granules are nearly uniform in 
size, quadrate and not so closely packed as on the plate proper where 
they are larger and very unequal. Two-jawed, slightly sunken, 
pedicellariae, about the size of the quadrate granules, are plentiful 
around the edges of the plates near the furrow, and smaller ones on 
the surface of the other plates, especially on the rounded edge of the 
disk, adjacent to the inferomarginals. There are no signs of 
tubercles, the granules being very flat and smooth. 

Adambulacral plates with a compact straight perpendicular fur- 
row comb of 8 to 11 slender, blunt spines, the adoral the shorter, and 
the longest slightly aborad of the middle of the series, whence the 
spines decrease slightly in Jength to the aboral end of the series. 
When there are 8 spines they are of nearly equal length, and the 
first and last of the series are conspicuously broader than the others. 
The longest spines are slightly longer than the base line of the comb. 
Back of these are 2 or 3 short heavy tubercular spines (near tip of 
ray only 1) with rounded, wrinkled or eroded tips. The median is 
usually slightly the larger when there are 3; and when there are 2 
they are subequal, or the adoral is slightly the larger. <A large 
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2-jawed broadly lanceolate pedicellaria often stands at the adoral 
end of the subambulacral series. The outer margin of plate, just 
back of the subambulacral series, is occupied by low granules with 
frequently a pedicellaria composed of 2 stout subconical, granuli- 
form jaws. 

Mouth spines 12 to 15, the inner the heaviest, the outer a little 
larger than adjacent adambulacral spines; suboral spines swollen 
and wrinkled at tip, 4 or 5 to each plate, in a series parallel to 
subambulacrals. Back of these 1 to 5 enlarged granules may be pres- 
ent, representing a second suboral series. The outer part of the 
plates is covered with mostly irregular 4-sided granules, continu- 
vous with those of adambulacrals, and also those forming a zone 
around the proximal actinal intermediate plates. Sutures of mouth 
plates not visible. 

Madreporic body ovate, flat or slightly concave, with numerous 
fine radiating striae, situated one-fourth the distance from center to 
suture between superomarginal and inferomarginal plates. 

Color in life, maroon red on ventral surface; darker on dorsal 
surface. 

Gonads in numerous tufts parallel to interradius; the hepatic 
coeca are relatively small, and each is situated close to the inter- 
brachial septum. 

Type.—Cat. No. 82634, U.S.N.M. 

Type-locality.—_Station 5165, 6.4 miles southeast of Observation 
Island, Tawi Tawi Group, Sulu Archipelago, 9 fathoms, coral; 2 
specimens. 

Distribution—Known only from the type-locality. 

Specimens examined.—Three; besides the type, one without lo- 
cality. 

Remarks —Halityle regularis will not be readily confused with 
any known species of Culcita. Déderlein in his revision of Culcita 
(1896, p. 315) reduced the number of species to 5, namely schmide- 
liana, novae-quineae, grex, coriacea, and veneris. The last two may 
be eliminated, as they have the papulae uniformly distributed over 
the dorsal surface. The first 3 species have small spines or tubercles 
on either the papular areas, or interpapular areas, or both. All the 
species have the marginal plates obscured, except when young. In 
fH. regularis, on the contrary, the marginal plates are distinctly 
visible, although not especially conspicuous, there are no spines or 
tubercles on the abactinal, marginal, or actinal intermediate plates, 
and the papulae are in very regularly arranged triangular areas, 
resembling those of Oveaster. The actinal plates are conspicuously 
tessellated. 
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Genus CHORIASTER Liitken. 


Choriaster LiirKken, Catalog des Museum Godeffroy, 1869, No. 4, p. 35. 
(Also 1871, p. 2438.) 


; CHORIASTER GRANULATUS Liitken. 


Choriaster granulatus Ltrken, Cat. Mus. Godeffroy, No. 4, p. 35, 1871, 
p. 243.—Goro, 1914, p. 604, pl. 17, fig. 263; pl. 18, figs. 264-269. 

Specimen examined.—Togian Bay, Togian Island, Gulf of Tomini, 
Celebes, Dutch East Indies. 

Distribution—Pelew and Fiji Islands; off Zamboanga, Mindanao; 
Celebes; New Zealand; Okinawa Island, Japan (Goto). 

Remarks.—This specimen constitutes a new record for the species. 
R=90 mm., r=35 to 37 mm. Furrow spines 7 or 8; subambulcral 
spines 3 or 4, rarely 5, in a single series, followed a curved series 
of granules, inclosing sometimes 1 to several small granules and 
1 or 2 small upright 2-jawed pedicellariae. A large 2-jawed lanceo- 
late pedicellaria stands at the inner end of the subambulacral series. 

Goto has published (1914) a description of this species, with fig- 
ures, and has given also a useful reprint of the literature referring 
to it. 


Family LINCKIIDAE Perrier.* 
Genus DISSOGENES Fisher. 


Dissogenes FisHER, 1918c, p. 212. Type, D. styracia Fisher. 


Diagnosis —Disk large, slightly inflated; rays moderately long 
and slender; whole body covered with small granules obscuring the 
outlines of all plates except the marginal, which are confined to 
side wall of body, and are unarmed except for 1 to 3 small central 
spines on the first 2 or 38 superomarginals; abactinal plates of 2 
kinds, irregular mostly convex primary plates with 2 to 4 semicircu- 
lar excavations in margin overlying and bound together by secondary 
elliptical or oblong connecting ossicles, all very irregular in arrange- 
ment; primary plates of disk with small rigid central upright trun- 
cate spine; actinal intermediate areas with about 4 chevrons of simi- 
lar longer spines; actinal intermediate plates extending in a single 
series nearly to end of ray, and a second series two-thirds the length 
of ray; adambulacral armature with 4 or 5, sometimes 3, prominent 
slender furrow spines on a nearly straight furrow margin; subam- 
bulacral spines 2 on disk, 1 on rays, a little longer and much stouter 
than furrow spines. Papulae single, irregular, abactinal. 





1Wor a synopsis of genera see Fisher, 1911d, p. 241. As here pointed out, Ophidias- 
teridae is the oldest name for the family, but Perrier’s shorter name has been used by 
everyone since 1875, including Verrill until 1914 (Verrill, 1914a, p. 308). As _ strict 
priority is not insisted upon in family names, I see little utility in changing such a well- 
known and long-used name. 
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DISSOGENES STYRACIA Fisher. 
Plate 102, fig. 1; plate 103, fig. 1; plate 131, figs. 1, la—1b. 


Dissogenes styracia FIsHER, 19138c, p. 212. 


Diagnosis.—Disk large, somewhat inflated; rays moderately long, 
narrow, tapering at first rapidly then gradually to pointed ex- 
tremity; interbrachial arcs wide, rounded. R=110 mm., r=28 mm., 
R=4 r; breadth of ray at base, about 834 mm. Marginal-plates small 
confined to side of ray, unarmed except for a small central spine on 
the first 2 or 3. Body overlaid by a close granulation obscuring out- 
lines of all plates except marginals; abactinal plates irregularly 
lobed, irregular in arrangement and connected irregularly by smaller 
secondary plates; primary plates of disk and basal part of ray con- 
vex with a central rigid, short, stout, subtruncate tubercular spine; 
about 4 chevrons of similar longer spines on actinal interradial areas 
(not reaching margin); furrow spines slender, rather long, 4 or 5 
proximally, 4 over most of ray; subambulacral spines heavier, sub- 
truncate, 2 on disk and 1 on ray. Papulae single, all over disk and far 
along ray, numerous but irregular in arrangement; no pedicellariae. 

Description—Abactinal plates of disk convex, the convexity 
diminishing on the ray, the distal plates being nearly flat. 
The plates are strongly overlapping, without order (even the 
carinal series being irregular) and are covered with closely 
placed small, irregularly polygonal to subcircular granules which 
obscure completely the sutures. Many of the plates of disk 
and proximal fifth of ray bear a central robust slightly tapering 
round-tipped tubercular spine 1.5 mm. long. These spines are ar- 
ranged in an irregular carinal series and 8 or 4 subparallel series on 
either side. On some of the spiniferous plates the granules de- 
crease slightly in size near the base of the spine, while on the edge 
of the spiniferous area a few plates bear low thimble-form tubercles. 
Near the end of ray a number of plates have a small central 
naked area. The papulae extend to within about 25 mm. of the end 
of ray. They are irregularly distributed and on the outer part of 
ray tend to form lines of 2 to 4, outlining the larger plates; on the 
disk and proximal part of ray they are single, spaced, and surround 
the large and small plates irregularly. Some or all of the granules 
immediately bordering papular pores are smaller than the others. 

The abactinal plates when denuded of granules are seen to be of 
2 kinds. Larger irregular plates overlie smaller irregular connecting 
plates. The 2 kinds intergrade in size. The former are slightly to 
markedly convex and have 2 to 5 semicircular excavations in the 
margin bordering papular apertures. The smaller connecting plates 
as seen from the coelomic side are either oblong, irregularly ellipti- 
cal, or irregularly triradiate in form. The latter seem to develop 
into primary plates. 


1 
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Marginal plates forming a rounded border to each surface, the 
sides of ray being perpendicular. Marginal plates confined nearly 
wholly to side wall, encroaching very little upon either surface ex- 
cept in the interbrachial arc where the superomarginals form a nar- 
row border. The plates of the 2 series are nearly opposite, except 
near tip of ray. Superomarginals 41, the first 3 wider than long, the 
others a little longer than wide, the adoral transverse margin some- 
times slightly curved (convexity adorad), and the other transverse 
margin correspondingly concave. About the last dozen plates have 
a naked central area which increases in size distad, the last 3 or 4 
plates having only a marginal series of granules. The plates other- 
wise are covered with granules similar to those of dorsal sur- 
face, which decrease in size toward the center of plate; largest 
granules on transverse sutures. The first 2 or 3 plates bear 1 to 3 
small thimble-shaped tubercles, smaller than abactinal spines. The 
inferomarginals are similar to the superomarginals, but are a little 
narrower, the last 17 or 18 having a central naked area. The inter- 
brachial inferomarginals are not tuberculate (only 1 plate an ex- 
ception in type). Terminal plate nearly pear-shaped, small end 
distal, and with a small terminal cylindrical spine. 

Actinal intermediate areas rather extensive and covered with 
granules slightly coarser than those of abactinal and marginal plates 
(except marginal granules of latter) becoming more spaced and 
slightly higher toward: the furrow and mouth angle, where the 
plates bear each 1 or sometimes 2 terete, shghtly tapering, truncate, 
or round-tipped spines, 2 to 2.5 mm. long. There are 45 to 55 spines 
in each actinal interradial area and those adjacent to adambulacrals 
extend about one-third the length of furrow; the spines are in about 
4 chevrons, and the outer spine on the interradial line is about two- 
thirds r from center. One series of plates reaches to within 10 infero- 
marginals of tip of ray; a second series about two-thirds length 
of ray; a third series one-third; while in the interbrachium numer- 
ous additional small plates are wedged in irregularly. In general the 
outlines of the plates are invisible. 

Furrow narrow. Adambulacral plates longer than wide, with a 
nearly straight furrow margin bearing proximally 4 or 5, but over 
most of ray 4 (sometimes 3) rather long (2.5 mm.) subterete or very 
shghtly compressed, truncate spines, the adoral slightly shorter as 
a rule than the other 3, which are subequal. On the first 7 to 12 
plates are 2 slightly longer but much heavier, truncate, slightly taper- 
ing and slightly compressed subambulacral spines in a longitudinal 
series just back of the furrow series. The adoral is usually the 
smaller after the first few plates, which may have a third much 
shorter adoral spinule. The other plates have 1 subambulacral a little 
larger than the proximal. A few plates irregularly near end of ray 
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have 2 spines in a transverse series. The first plate has 3 or 4 full- 
sized spines. The surface of the plate external to the subambula- 
crals is covered with granules uniform with those of the adjacent 
actinal intermediate plates, obscuring completely the external suture 
of the plates. 

Mouth plates small with a straight furrow margin bearing 10 fur- 
row spines. Suboral spines 4 to 6 in about 2 series parallel to fur- 
row. Outer part of plate with spaced granules, 8 to 10 in number. 

Madreporic body circular, flattish, medium-sized, with fine undu- 
lating, branched, radiating striae; its inner edge is about one-third r 
from center. 

Color in life, abactinal surface scarlet, tips of arms pale buff; 
spines pale; actinal surface pale buff. 

No superambulacral plates; ampullae double; tube feet with 
strong sucking disks. 

Type.—Cat. No. 32685, U.S.N.M. 

Type-locality Station 5617, off Ternate Island, west of Gillolo 
Island, Molucca Islands, 181 fathoms, bottom not recorded; 1 speci- 
men. 

Distribution—Known only from type-locality. 

Remarks.—This genus, like Varcissia and Ferdina, might reason- 
ably be included in the Goniasteridae. It is placed in the Linckidae 
on account of the irregular abactinal skeleton, small marginals, and 
the close granulation which covers the body and obscures the out- 
lines of the actinal and abactinal plates, and on account of the gen- 
eral appearance. 

The long, slender, furrow spines and prominent subambulacral 
spines are unlike those of any other genus of Linckiidae, while the 
abactinal and actinal intermediate spines are exceptional, and with- 
out parallel in any of the Linckiidae having a large disk. 

Metrodira, which I have placed provisionally in a special family, 
has a smooth skin, much smaller disk, and an altogether different 
adambulacral armature. That of Dissogenes is essentially goni- 
asterid. 

The genus is not closely related to any other, and the fact that it 
shows affinities to two families has suggested the name, which sig- 
nifies a two-fold descent. 


Genus FERDINA Gray. 
Ferdina Gray, 1840, p. 282. Type, F. flavescens Gray. 
FERDINA GLYPTODISCA Fisher. 
Plate 56, fig. 5; plate 95, figs. 4, 4a—b; plate 104, fig. 2; plate 106, fig. 4. 
Ferdina glyptodisca FISHER, 19138c, p. 213. 


Diagnosis —Resembling F. offreti Koehler; differing in having 
all the prominent abactinal plates, and all the marginal plates with 
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an extensive, central, naked area; the smaller abactinal plates less 
distinct and not at all convex; granules smallest on center of ob- 
scured plates, largest over the sutures (reverse in offretz) ; abactinal 
area narrower, about equal to extreme width of first superomarginal 
plate; imner series of small actinal intermediate plates lacking; 
adambulacral spines 8 (2 in offret¢). Rays 5; R=35 mm., r=11 mm., 
R=3.2 r.; breath of ray at base, 13 mm. Rays and disk very rigid; 
abactinal surface subplane, actinal surface convex. 

Description.—Abactinal plates of two kinds: Large, subcircular, 
convex, numerously lobed and centrally bare plates, interspersed 
with numerous small, flat, irregular plates covered with a fine close 
granulation obscuring their outlines. The granules become smaller 
toward the center of the obscured plates. The large plates, with 
conspicuous bare areas, comprise five primary interradials, a group 
of 3 or 4 at the base of the ray (including the primary radial) 
and, extending along the ray, a series of groups, rather than 
a series of plates. Each little group has 2 to 4 plates, the groups 
being sometimes isolated, sometimes connected by large plates so 
as to form an irregular carinal series. The distal 4 or 5 plates 
are sometimes separated by small plates. The last three superomar- 
ginals meet medially. The width of the abactinal area at base of ray 
is only about that of the first superomarginal plate. The naked areas 
on the plates are subcircular to broadly elliptical, quite smooth, 
and the granules decrease slightly in size toward the edge of this 
bare area, which comprises most of the area of the plate. Papulae 
single, and varying in number from 3 to 10 about each plate. 

Superomarginals 9, prominent, shghtly convex, encroaching widely 
upon actinal surface, the first, eighth, and ninth wider than long, 
the others longer than wide; all with nearly the whole surface 
bare, and with the margin toward the abactinal plates strongly 
arched and (when cleaned) notched by papular pores. The fine 
granulation covering the margin of the plates is continuous and 
similar to that of the abactinal surface. Terminal plate small, sub- 
conical, with a row of little tubercles along either side of the end of 
the furrow. 

Inferomarginals much smaller than superomarginals, but corre- 
sponding to them. The first is wider than long, the rest longer than 
wide, except the last or last two, which are subcircular and convex. 
The third, fourth, and fifth are the longest being 2 to 24 times as 
long as wide. Each plate has an elliptical central naked area. This 
is very slightly concave on the first 5 plates, but there appears in 
the middle of the fifth or sixth a slight pimplelike eminence which 
increases in size toward the end of ray and on the last 3 or 4 plates 
bears one to several low granules. On the plate where the eminence 
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first appears there is no granule. With the exception of the last 3 
the inferomarginals are not at all tumid. 

Actinal intermediate plates squarish, slightly tumid. The series 
adjacent to adambulacrals extends to within about 3 inferomarginals 
of end of ray; a second row extends to the beginning of the sixth 
inferomarginal; a third row to the beginning of the fourth infero- 
marginal, while the beginning of a fourth row is present in the inter- 
brachial arc. The plates are not uniform in size but tend to become 
larger and convex opposite the transverse sutures of the inferomar- 
ginal series. Granulation uniform with that of abactinal surface, 
largest on the sutures and decreasing in size toward middle of plate. 
Tt is very close and covers the adambulacral plates also, rising on the 
outer side of the adambulacral spines nearly to their tip. 

Adambulacral plates slightly wider than long, about 15 corre- 
sponding to the first 10 actinal intermediate plates of the inner series. 
Adambulacral spinelets truncate, slightly flattened, in a single series 
on the edge of the furrow. Each plate has 3, or near the end of ray, 
2 spines, but there is no break in the series. Ambulacral furrow 
closed. 

Madreporic body small, elliptical, resembling in miniature half 
a peach stone. 

Color in alcohol, light brownish, the granules encircling the bare 
areas and the center of small abactinal plates whitish, elsewhere dull 
orange, especially on disk; actinally the orange hue is duller. The 
naked areas are light yellowish brown, sometimes with a dark center. 

Type.—Cat. No. 32636, U.S.N.M. 

Ty pe-locality.— Station 5640, Buton Strait, Celebes (1 mile west 
of Labuan Blanda Island), 24 fathoms, sand, broken shelis; 1 speci- 
men. 

Distribution—Known only from type-locality. 

Remarks.— Although this species resembles /’. offreti (Ceylon and 
Andaman Islands) in the prominent superecmarginal and abactinal 
plates, the resemblance is general only. A very important difference 
is the absence in glyptodisca of a series of small actinal intermediate 
plates subequal to the adambulacrals, which in offreti reach the 
extremity of the ray, and are only about half as large as the second 
series. In glyptodisca all the prominent abactinal plates and all the 
marginals of both series are naked centrally, and the small abactinal 
plates are much less tumid. The granules cf the central part of the 
covered plates are larger, in offreti, than those near the margin, while 
in glyptodisca the reverse is the case. A comparison of figures will 
show that the superomarginals of glyptodisca are much larger in 
proportion to the width of ray, and the abactinal area much narrower 
than in offreti. Finally, offreti has 2 adambulacral spines while 
glyptodisca has 3. | 
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Fromia cancellata Grube (Fiji Islands, according to Sladen) has 
a very characteristic appearance. The rays are broader than in 
glyptodisca and each has 6 regular spaced transverse series of cen- 
trally bare plates. The superomarginal plates are alternately large 
and small, the latter being wholly granulated, the former only about 
the periphery. The larger plates correspond to the interval between 
the transverse series of tumid plates. 

Fromia kuhlii Miiller and Troschel (Java) is insufficiently de- 
scribed. The abactinal plates are small, and irregular as to form and 
arrangement. Among them are larger, more convex isolated plates 
naked centrally. The marginal plates are large, and presumably 
covered with granules. The relation of R to r is as 5 to 1, hence the 
ray is longer than in glyptodisca. 


Genus FROMIA Gray. 


Fromia Gray, 1840, p. 286. Type, F. milleporella (Lamarck). 
KEY TO THE SPECIES OF FROMIA HEREIN DESCRIBED. 


a*, Superomarginal plates of distal half of ray large and small alternating; 
granules surrounding papular pores, larger than the others. 
japonica, p. 373. 
a”, Superomarginal plates not large and small, alternating. 
b*, Abactinal plates of proximal half or two-thirds of ray in regular longi- 
tudinal series; marginal plates very regular, most of them longer 
than wide; rays slender; furrow spines 2 or 8, subambulacral spines 2; 
schnell pedicellariges: 220 2 ee a ee eusticha, p. 875. 
b*. Abactinal plates not in regular series. 
c*, Most of the marginal plates with 1 or more central enlarged tubercular 
granules; rays slender, about 3 times as long as width at base. 
hemiopla, p. 377. 
c?, Marginal plates without central tubercles; rays usually about 2 to 24 
times as long as width at base___._______________ milleporella, p. 378. 


FROMIA JAPONICA Perrier. 


Plate 105, fig. 4; plate 106, fig. 2; plate 107, figs. 1, 7. 
Fromia japonica Perrier, 1881, p. 14; 1884, p. 227, pl. 4, fig. 2 (Japan).— 
De LorioL, 1891, p. 31 (New Caledonia). 
Fromia major Koruuer, 1895, p. 339, pl. 9, figs. 8 and 4; 1910a, p. 140; 1910b, 
p. 283, pl. 15, fig. 7, pl. 16, figs. 6 and 7. 


Notes on Philippine specimens.—Through the kindness of Dr. 
H. L. Clark I have been able to examine the type of Perrier’s /romia 
japonica, No. 743, Museum of Comparative Zodlogy, and have com- 
pared it directly with the specimen from station 5159. The type of 
Koehler’s Fromia major is considerably larger. The major radius 
measures 55 mm., while that of the type of japonica is 32 mm. I do 
not think the two forms are specifically distinct. The slight differ- 
ences which may seem apparent from a comparison of the figures 
and descriptions are more than covered by the variations shown by 
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the 2 Philippine examples. Doctor Koehler does not compare major 
with japonica in the references given above. 

The example from station 5251 is remarkable for having numerous 
actinal pedicellariae (resembling split granules with from 2 to 4 
jaws) from 3 to 6 times the diameter of the actinal granules. These 
are largest and most numerous in the actinal interradial areas and ex- 
tend about half the length of the ray, being found on the actinal inter- 
mediate plates, with a very few also on the proximal inferomarginals. 
There are 2, 3, or 4 furrow spines in this specimen and 2 subambul- 
acral spines (often 3 proximally). When there are 3 the middle spine 
is the longest, and when there are 2 usually the aboral is the longer. 
For the distance of about 6 inferomarginals from the end of ray only 
1 subambulacral reaches any size. The outer edge of the plate is 
occupied by 1 (or occasionally 2) series of 4 to 6 granules, or granules 
and pedicellariae, the former being uniform in size with the actinal 
granulation (pl. 92, fig. 2). 

In the specimen from station 5159 there are 3 furrow spines at the 
base of the ray, then either 2 or 3, and finally only 2 on the outer 
half or third of the ray. There are usually 2 subambulacral spines, 
the adoral a trifle the larger, but near the end of the ray frequently 
only 1 reaches any size. External to the subambulacral spines, which 
are flattened, slightly tapering, round-tipped, and a trifle shorter and 
stouter than the furrow spines, are 2, 3, or even 4 longitudinal series 
of granules belonging to the adambulacral plates. In both specimens 
the mouth spines are longer than the corresponding adambulacral 
spines, and instead of being blunt are sharp. The granules surround- 
ing the papular pores are only a trifle larger than the others. 

Fromia monilis Perrier (1875, p. 179) has never been figured, and 
Doctor Koehler did not see the type when working up his Indian 
material (1910a, p. 140). Noone has compared it, therefore, directly 
with FY. major or F. japonica. It apparently has alternating large 
and small superomarginals and a narrow abactinal area. In fact, 
the description fits japonica fairly well up to the adambulacral plates, 
which have 2 furrow spines and regularly a single subambulacral, 
which is described as being much larger than the furrow spines, 
cylindrical, and terminated by an obtuse point. These spines, isolated 
on each plate, form the second row. On the distal half of the ray | 
of the type of japonica there is only one subambulacral spine, but it 
is shorter and thicker than the furrow spines. 

Fromia japonica differs from Ff. milleporella in having longer and 
slenderer rays, regularly alternating large and small superomarginal 
plates (at least on outer part of ray), and slightly larger granules 
surrounding the papular pores. 

Type.—No. 743, Museum of Comparative Zoology. 

Type-locality —Japan. 
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Distribution—Japan, Mindanao, Sulu Archipelago, Billiton, Kei 
Islands, to 20 fathoms. Also reported by Koehler (1910a, p. 140) 
from Indian region (“station 148, 15 to 30 fathoms,” no locality). 

Specimens examined.—Two: 

Station 5159, off Tinakta Island, Tawi Tawi Group, Sulu Archi- 
pelago, 10 fathoms, coral sand. 

Station 5251, Gulf of Davao (off Linao Point), Mindanao, 28 fath- 
oms, coral. 

FROMIA EUSTICHA Fisher. 
Plate 95, fig. 2; plate 105, fig. 1; plate 106, fig. 1; plate 107, figs. 3, 5. 
Fromia eusticha FisHrEr, 1918¢, p. 218. 

Diagnosis —Differing from typical /#. milleporella in having 
longer slenderer rays, more regularly arranged abactinal plates, only 
2 adambulacral furrow spines on distal half of ray, and abundant 
actinal pedicellariae. R=41 mm., r=8.5 mm., R=4.8 r, breadth of 
ray at base, 9. mm. Rays slender, evenly tapering, abactinally 
plane; disk slightly convex; marginal plates very regular, mostly 
longer than wide, regularly decreasing in size, not alternate large and 
small; abactinal plates, roundish or hexagonal, sometimes with 
faint indication of lobing, arranged in quincunx in regular longi- 
tudinal series; actinal plates in 3 regular series at base of ray; 
adambulacrals with proximally 3 rather narrow furrpw spines, 2 
distally; 2 subambulacral spines and 1 to 3 subambulacral pedicel- 
lariae. 

Description.—Abactinal plates in 5 fairly regular longitudinal 
series at base of ray, becoming reduced to 3 at the middle, the plates 
of the lateralmost series being there quite small. Three series per- 
sist to near the tip, the last 2 or 3 superomarginals being separated 
by only a single series. While the plates form fairly regular longi- 
tudinal series, they do not form transverse series as in Vardoa semi- 
regularis, but are arranged in quincunx. Each carinal plate borders 
on 6 other plates—2 plates of its own series and 2 of each adradial. 
Sometimes there is a slight break in the regularity, and a carinal 
plate is surrounded by 5 or 7 abactinal plates, roundish or hexagonal. 
Papulae single, at the corners of the plates. The plates are nearly 
flat on disk and proximal half of ray, but become slightly convex 
on outer third. Granules of abactinal surface polygonal, close-set, 
fairly uniform, not larger in center of plate, about 8 or 10 in the 
transverse diameter of a carinal plate. Granules surrounding papu- 
lar pores unequal, some of them a little larger than the granules of 
plates. 

Superomarginal plates, 18; beyond the third, longer than high, but 
last 4 broader than high, the upper margin rounded and with 1 to 4 
shallow notches (opposite papulae). Superomarginals encroaching 
conspicuously upon abactinal surface. Inferomarginals 20, the first 
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wider than long, the second to sixteenth longer than wide, thence 
wider than long. Marginal plates slightly convex, the last 4 to 6 
rather conspicuously so and the granules instead of being flat-topped 
are convex, and conspicuously larger on the middle of plate than 
borders. On the other marginal plates the 1 to 3 marginal series of 
granules are slightly smaller than the rest. Proximally a few inter- 
marginal papulae. 

Actinal intermediate plates very regular, forming transverse series 
as well as longitudinal. Series adjacent to adambulacrals rectangu- 
lar, wider than long, and reaching to within 3 or 4 marginal plates 
of tip of ray. Secondaries composed of square plates about two- 
thirds as large as those of first series and extending three-fourths 
length of ray. Third series reaching one-fourth length of ray, com- 
posed of about 6 or 7 plates. Two intermediate plates correspond to 
1 inferomarginal. Two series of actinal papular pores. Actinal 
granules increasing in size toward furrow. On proximal half of 
ray there are rather abundant granuliform, 2- or 3-jawed pedicel- 
lariae, from 2 to 5 times the diameter of adjacent granules, and up- 
ward of 10 to a plate (inner intermediate series). Figures will give 
a better idea than description of these pedicellariae. 

Adambulacral plates a little wider than long. Furrow spines 3 
on proximal half of ray, usually 2 on distal half, rather heavy, blunt, 
the median of 3 untapered, the laterals sometimes slightly tapered. 
Subambulacral spines 2, the aboral frequently slightly the longer, 
both shorter and heavier than the furrow spines. Near the tip of 
ray, the aboral spine only reaches any size. External to these is a 
series of 8 or 4 large granules, then usually an irregular series of 
several small granules. In the first series there are frequently 1 or 
2 pedicellariae, with sometimes a third external to these. In such an 
event each jaw of a pedicellaria, in a way, replaces a granule. 

Mouth plates with an unpaired sharp, slightly curved tooth at the 
inner angle (a pair on 1 plate) and 4 or 5 similar toothlike spines 
along the straight furrow margin. There are usually 2 similar sub- 
oral spines, all by their difference of form contrasting with the first 
adambulacral spine. 

Madreporic body circular, situated its own diameter distant from 
inner border of marginal plates. 

Type.—Cat. No. 32637, U.S.N.M. 

T ype-locality.—Station 5146, vicinity of Siasi, Tapul Group, Sulu 
Archipelago, 24 fathoms, coral sand, shells; 1 specimen. 

Distribution—Known only from type-locality. 

Remarks.—The exact status of this form is difficult to determine, 
owing to there being but one specimen. It differs from /. japonica 
and #. monilis in having regular, uniform superomarginals, not 
alternately large and small ones. /. monilis has but 1 subambula- 
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cral spine, longer than the 2 furrow spines. /F. balansae is a thickset 
form with less regular, more tumid abactinal plates, which, judging 
from Perrier’s description (1875, p.178) and Koehler’s figures (1910a, 
pl. 18, figs. 7 and 8) does not differ very markedly from variations of 
fF. milleporella. F. eusticha differs from /. andamanensis in having 
slenderer rays, regularly arranged abactinal plates, large marginal 
plates, and a different adambulacral armature. 

I might add that the presence of pedicellariae forms a distinguish- 
ing characteristic if I were certain that these are constant. <A speci- 
men of /. japonica herewith recorded is supplied with similar pedi- 
cellariae. 

FROMIA HEMIOPLA Fisher. 
Plate 95, fig. 3; plate 105, fig. 2; plate 106, fig. 3; plate 107, figs. 2, 4. 
Fronia heniopla FisHER, 1918¢, p. 214. 

Diagnosis.—Differing from F. armata Koehler (Andaman Is- 
lands) in the absence of abactinal conical tubercles, and the slighter 
development of the marginal tubercles; differing from /. mille- 
porella in having 1 or more tubercular granules in the center of 
the marginal plates of the distal three-fourths or half of ray, in 
having slenderer rays, and broad, but thin, spatulate furrow spines. 
R=36 mm., r=9 mm., R=4 r; breadth of ray at base, 10 mm. 

Description.—Abactinal plates irregular as to form and arrange- 
ment, convex, the granules small, not crowded, even a trifle spaced 
and usually very slightly larger on middle than periphery of plate. 
Granules surrounding pores not larger than others. 

Marginal plates convex, the granules increasing in size toward the 
center, where the plates of at least the distal half of ray bear 1, 2, 
or even more enlarged tubercular granules, there being as high as 
5 to 10 on the distal marginals of the type. The first half dozen 
plates usually lack a tubercle, and the tubercles become a trifle more 
prominent as the end of the ray is approached. Superomarginals 19 
or 20; inferomarginals about 23 or 24. Here and there in the supero- 
marginal series a small plate is wedged between 2 large ones, but 
there is no regularity of occurrence; the small plates may be entirely 
absent. <A series of rather prominent intermarginal pores is present. 

One series of slightly tumid actinal intermediate plates extends 
three-fourths the length of ray; another series about half, and a 
third series, at the base of ray, comprises a few plates only. Proxi- 
mally 2 series of pores, becoming 1, which extends as far as the inner 
actinal intermediate series of plates. Granules of actinal interme- 
diate plates becoming slightly larger toward the center of plate 
where, distally, they are sometimes subtuberculate. 

Adambulacral plates with proximally 3 or 4, or near the end of 
the ray 2, broad, flat, subtruncate (spatulate) furrow spines, the end 
of the series with a curved contour and part or all of the aboral 
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spine usually underlying the adoral spine of the succeeding plate. 
Subambulacral spines 2, sometimes 3, considerably shorter, round- 
tipped, heavier but not broader than the furrow spines (thicker in a 
transverse direction), and forming a straight series. External to 
these are 2 or 3 granules larger than the succeeding. Part or all of a 
second series of smaller granules belongs to the adambulacral plates. 

Mouth plates small with 4 or 5 acute marginal spines and 2 to 4 
similar suboral spines. These are slightly longer than the corre- 
sponding adambulacral spines. 

Madreporic body, subcircular or elliptical, slightly variable in size, 
situated a little less than its own diameter from inner edge of mar- 
ginal plate. | 

Type—Cat. No. 32688, U.S.N.M. 

Type-locality—Tonquil Island, Gumila Reef, south of Zamboanga, 
Mindanao. 

Distribution—Sulu Archipelago, Mindanao and eastern Palawan, 
reefs. 

Specimens ewamined.—Three; besides the type 1 from each of the 
following localities: Tataan Pass, Simaluc Island, Tawi Tawi Group, 
Sulu Archipelago, coral reef. 

Port Langcan, Dumaran Island, eastern Palawan, coral. 

Remarks—This form may turn out to be a variety of F. mille- 
porella, although it shows decided similarities to /’. armata Koehler, 
and /. balansae Perrier. It differs from the latter in having nar- 
rower rays, tuberculate marginals, and spatulate furrow spines. The 
width of the rays may be well within the possibilities of /. mdle- 
porella but they are longer than specimens from Samoa. 

FROMIA MILLEPORELLA (Lamarck). 
Asterias milleporella LAMARCK, 1816, vol. 3, p. 253, No. 35. 
Fromia milleporella Gray, 1840, p. 286. 

Distribution —Red Sea, Mauritius, Madagascar, Ceylon, to Samoa 
and Fiji Islands, via the Moluccas and southern Philippines; New 
Caledonia; also Ryukyu (Liu Kiu) Islands, Japan. 

Specimen eavamined.—One from Babuan Island, Jolo, coral reef. 

Remarks.—This specimen is small and imperfect. It does not 
show the characteristics of hemiopla. 


Genus NARDOA Gray.’ 
Nardoa Gray, 1840, p. 286. Type, NV. variolata (Lamarck). 

This old and well-known genus is greatly in need of a thorough re- 
vision. A number of species have not been figured. Koehler has 
rendered a great service by his descriptions and photographs of sey- 
eral East Indian forms (1910a). 

During a brief visit to London in 1914 I had the opportunity of 
examining the specimens of Vardoa in the British Museum. I was 


1 Melia Gistel, Naturgeschichte des Thierreichs, 1848, p. 176. Type, Melia variolata 
(Lamarck). 
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able to compare several species, including the types of Perrier’s J. 
gomophia and JV. obtusa. The latter is small and, I think, immature. 
It seems to be scarcely comparable with large specimens of other 
species. Perrier compares it with variolata, but I could not see a 
close resemblance. Its relationship is with the strongly tuberculate 
forms, such as frianti and twmulosa. Perrier has also compared his 
gomophia with aegyptiaca, a comparison which threw me entirely 
“ off the track” until I saw the type. It does not resemble aegyptiaca 
at all but closely resembles novae-caledoniae, judging by the speci- 
mens of the latter in the British Museum, which Perrier himself men- 
tions (1875, p. 164) and presumably identified. 

Dr. H. L. Clark kindly loaned me a number of specimens which 
he collected at Mér (or Murray) Island, Torres Strait. These have 
been most valuable, and three are figured on plate 108 together with 
a specimen of variolata (No. 888, Museum of Comparative Zodlogy) 
from Mauritius. I am not at all certain of the identification of the 
specimen figured on plate 108, figure 2, which I have called novae- 
caledoniae. Without a photograph of the type, or an authentic speci- 
men for comparison, any identification of this species must be re- 
garded as tentative. 

The few notes I was able to make in London are included in the 
following synopsis, which is in no sense intended as a revision of 
the forms studied, since much time and material will be required 
for that. I have suggested that NV. finschi is synonymous.with JV. 
pauciforis. N. obtusa is not included in the key, since it is too young 
to be comparable with adult examples of even its nearest relatives. 
Only such species as I have seen are in the synopsis. 


SYNOPSIS OF SOMH INDO-PACIFIC SPECIES OF NARDOA. 


a’*. Abactinal plates very slightly convex to markedly convex, but not high 
enough to be considered hemispherical or tuberculate. 
b*. Abactinal plates forming very regular longitudinal and transverse series; 


FULLOW.SDINES' 6: OTF she ai Se ee SM semiregularis, p. 383. 
»)*. Abactinal plates not regularly arranged in longitudinal and transverse 
series. 


c*. Abactinal plates very much larger than the papular areas, elliptical in 
contour and usually with long axis of the ellipse transversely ori- 
ented. In specimen with R 68 mm, there are 5 longitudinal series of 
large alternating plates between the 2 rows of superomarginals; 
adambulacral spinelets in 3 series, viz., 4 (or 3), 3, 3, the last granuli- 
form. Granules surmounting the depressed convex plates nearly 
uniform in size, polygonal, close-set, and 2 or 3 times the size of the 
the granules in the depressions between the plates.’ 

variolatus Gray (pl. 108, fig. 4). 

1From Gray’s specimen, Mauritius. The rays are shorter and blunter than in any 

other species in this section, and are not so tapered as those of species under C?. 

R=68 mm., r=13 or 14 mm., R=about 5 r. The specimen figured (pl. 108, fig. 4) is 

from Mauritius (No. 838, Mus. Comp. Zo6l.) 
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ce. Abactinal plates not ordinarily oriented transversely and in specimens 
with R about 70 mm. there are 7 to 10 rows of primary abactinal 
plates (always more than 5). The plates are smaller and roundish, 
but conspicuously larger than the papular areas, and those of distal 
third of ray are markedly small and close-set. Adambulacral armature 
in 8 series. 

@. Abactinal plates in 7 rows on basal third of ray, but fewer and ir- 
regular distally; no intermarginal or actinal papulae; abactinal 
papular areas with granules conspicuously larger than the rest; 
fUTroOWws Splines /Ahout G22 22 See ee a squamulosa, p. 383. 

d’. Abactinal plates 7 to 10, counting across ray, much larger than pap- 
ular areas (whose granules are subequal to or smaller than those of 
plates) ; an intermarginal series of papulae and an incomplete series 
of actinal intermediate papulae; furrow spines 3 or 4. 

e’". Rays longer, slenderer, tapering to an attenuate, rather sharp, ex- 
tremity ; R=about 6 to 7 r; abactinal plates nearly plane, or only 
faintly convex, their contour excavated by the papular areas, 
forming short irregular lobes (which can be seen only when the 
plates are Genwi ed!) aig cee en eee lemonnieri, p. 882. 

e*. Rays shorter and thicker, not especially attenuate at the tip; R, 
variable, but about 5 r; abactinal plates markedly convex, the 
primary plates without lobes or with only very faint lobing. 

jf’. Abactinal plates a little larger and more convex, especially on 
disk; granules relatively larger on the convex part of the ab- 
actinal plates, and abruptly larger, by 4 or 5 times, than 
granules of interstices between plates; adambulacral armature, 
3, 8, 3, or 4, 3, 3; contour of plates of type, unknown (see foot- 
TOGO) pee ee ee oe Se * gamophia” Perrier.* 
f?. Abactinal plates by direct comparison a little smaller and a little 
less convex; rays slightly longer and a little more attenuate 
distally ; granules of the convexity of plates smaller and grading 
more gradually into the smaller granules of margins of plates 
andi papularcareng 222s es eee novae-caledoniae Perrier.’ 





1 The differences between gomophia and novae-caledoniae are rather difficult to express 
in a key, being somewhat subtle. I have, of course, relied upon the correctness of the 
label which designates Perrier’s type in the British Museum—or, rather, upon the 
authenticity of the specimen. Perrier compares his specimen to Nardoa aegyptiaca in 
the following manner (1875, p. 167): 

‘Tl existe dans la collection du British Muséum un bel échantillon d’une espace de 
Scytaster trés voisine par sa forme et son aspect général des individus de grande taille 
de l’espéce précédente [aegyptiaca] ; nous proposons de lui donner le nom de Scytaster 
gomophia en souvenir du nom de genre créé par Gray pour celle-ci.” 

But the type does not particularly resemble N. aegyptiaca. It is, on the contrary, 
very close to the specimens of WN. novae-caledoniae mentioned by Perrier (1875, p. 164) 
as being in the British Museum. I think the names refer to a single species. 

The type of gomophia measures: R=71 mm., r—13 mm., breadth of ray at base, 16 
or 17 mm. The Mér Island specimen measures: R=79 mm., r—13 mm., breadth of ray 
at base, 14 or 15 mm. 

The type-locality of both species is New Caledonia. 

I have figured (pl. 108, fig. 2) a specimen taken by Dr. H. L. Clark at Mér (Murray) 
Island, Torres Strait. I do not feel at all sure that this is really N. novae-caledoniae, but 
it seems at least pretty close to that species. As will be seen from the figure, it resembles 
variolata, but the abactinal plates are round instead of elliptical, and those of the distal 
half of the ray are much smaller and close-set. The primary abactinal plates show a 
very faint lobing, although a few plates are nearly entire. The adambulacral armature 
is 3, 8, 3, or 4, 3, 8, and a series of actinal intermediate papulae extends a little over 
half the length of the ray. 

2The chief differences between the type of ‘“‘N. gomophia” and the British Museum 
specimens of novae-caledoniae are mentioned in the key. In gomophia the rays are a little 
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ce, Abactinal plates small, numerous, irregular, scarcely at all convex, 
subequal to or slightly larger than the papular areas and 10 to 138 
or even more between the superomarginals, counting across ray at 
base; abactinal granules increasing slightly in size toward center of 
plates, where they are about twice as broad as in the intervals be- 
tween. 

ad. Abactinal plates larger, 9 to 11 across ray at base, those of the 
distal third smaller and more crowded than over rest of ray, form- 
ing thus a rather definite distal area Cistinguishable from the prox- 
imal two-thirds; a definite series of papular areas between the 
inferomarginals and the actinal intermediate plates (of which there 

is a single series extending to end of ray). 
mollis * de Loriol (pl. 108, fig. 1). 
d@’. Abactinal plates smaller, the smallest of any known species, at least 
12 or 18 across ray at the base, those of distal third or fourth 
small and crowded, but the area not differentiated at all conspic- 
uously from the rest of the abactinal surface; lateral abactinal 
plates abruptly much smaller than the regular superomarginals 
which are thus very conspicuous, a series of fairly large intermar- 
ginal papular areas but no series of actinal intermediate papulae, 
although 1 to a very few areas sometimes occur sporadically at 
base of the ray; a single series of actinal intermediate plates 
extending to the end of the ray; adambulacral armature: 8 (or 4), 
epee Seth eae at Premera he NL pauciforis® (von Martens), pl. 108, fig. 3. 





shorter and less attenuate at the extremity; the abactinal plates are slightly more con- 
vex, and the granules are abruptly larger than those of the papular areas and interspaces 
between the plates—about 4 or 5 times greater. In novae-caledoniae the granules of 
the convexity of the plates are actually smaller by direct comparison (about one-half to 
two-thirds as broad) and they grade more gradually into the small granules. In novae- 
caledoniae the length of the ray is variable, among the British Museum specimens at least. 

1See de Loriol, 1891, p. 26, pl. 3, fig. 4; New Britain. The specimen figured (pl. 108, 
fig. 1) was collected by Dr. H. L. Clark on Mér (Murray) Island, Torres Strait. 

2Probably identical with pauciforis is Nardoa finschi de Loriol, 1891 (p. 28, pl. 2, 
fig. 4, 4a—g). De Loriol compares his new species with N. mollis and N. novae-caledoniae. 
He says: “ Dans le Nardoa Novae Caledoniae Perrier, les ossicules sont plus sailliants, 
plus développés, plus serrés, les deux séries de chaque cété de la face ventrale sont moins 
différentes de taille, les aires poriféres sont bien plus petites relativement aux ossicles, 
le disque est plus grand avec un plus grand nombre de plaques intercalées dans les 
espaces interbrachiaux de la face ventrale, les piquants ambulacraires sont differents.” 

Judging by de Loriol’s figure of finschi, the abactinal plates are considerably smaller 
than those of novae-caledoniae, and the whole animal resembles more nearly the British 
Museum specimens of pauciforis. In an example of pauciforis (pl. 108, fig. 3), or what I 
believe to be this species, from Mér (Murray) Island, Torres Strait, kindly loaned by Dr. 
H. L. Clark, the adambulacral armature closely resembles that figured by de Loriol. The 
furrow spines are proximally 4, then 3, with 2 or 3 heavier spines in the first subambu- 
lacral series, and 3 or 4 granules, abruptly larger than the actinal granulation, in 
the third series. 

Linckia pauciforis von Martens, 1866, p. 69. “ Fiinf platte Arme, Scheibenradius 
zum Armradius wie 1:5%. Breite der Arme an threr Basis zu ihrem Radius = 1: 4-5. 
Hohe (an getrockneten) nur die Hialfte der Breite. Furchen papillen der inneren 
Reihe 3, zuweilen 4 auf jeder Platte, flach, gleich gross, nach aussen davon gleich 
lange dickere, im Durchschuitt drei-vieleckig, in zwei verworrene Reihen gestellt, all- 
mihlich in die Granulation der Bauchseite tibergehend. Wine Reihe kleinerer Plittchen 
an der Bauchseite nach aussen yon diesen Furchenpapillen, dann zwei Reihen doppelt 
s0 grosser Platten. Platten der Riickenseite wieder nur halb so gross, rundlich, nicht 
in Reihen gestellt; Granulation auf Riicken- und Bauchseite gleichmassig. Porenfelder 
auf der Riickenseite zablreich zwischen den Platten vertheilt, jedes nur 4-6 Poren 
enthaltend ; Madreporenplatte einfach. 

Farbe (der trockenen Exemplare) hell gelbbraun. Armradius bis 100 Mill. 

Insel Adenare bei Flores. 
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a’. Some of the abactinal plates nearly or quite hemispherical, while others are 
less markedly convex; or else plates variably convex and some others 
here and there in the form of hemispherical, subcylindrical, or subconical 
tubercies, as high as their breadth at base. 

b*. Abactinal tubercles very prominent, acorn-shaped, or conical with the tip 
bare (rarely completely granular). Only 1 row of subambulacral spines, 
the granules on outer part of adambulacral plates being equal to those 
of: the: actinalinsurst a cet itie iide oss gee ee ek aegyptiaca Gray. 

b*. Abactinal tubercles entirely granular; outer granules of adambulacral 
plates larger than adjacent actinal intermediate granules, so that in a 
measure the adambulacral armature grades into that of the actinal sur- 
face. 

e. Abactinal plates very numerous, more nearly equal, some more con- 
spicuously convex than others, the most prominent, hemispherical, 
butnot ‘soxhigh) aswides 4225 Sere eee tuberculata, p. 384. 

c*. Abactinal plates very unequal in size, larger ones forming thick sub- 
conical or dome-shaped tubercles covered with granules. 

d. Abactinal tubercles numerous, 30 or 40, more cylindrical in form. 
frianti, p. 385. 
ad’, Tubercles fewer, usually about 10 to 15, some of the larger subellipti- 
cal and oriented transversely, relatively ‘larger than in frianti, lower 
in proportion to width, and evenly rounded or dome-shaped. 
tumulosa, p. 386. 


NARDOA LEMONNIERI Koehler. 


Nardoa Le Monnieri KorHirr, 1910a, p. 161, pl. 18, figs. 1 and 2. 


Koehler: has given figures and a detailed description. In the 
Philippine specimen, R=110 mm., r=15 mm., R=7 r; breadth 
of ray at base, 16 mm. to 20 mm. If the dorsal plates are denuded, 
their contour is irregularly scalloped and short-lobed, the arcuate 
indentations being on the margin bordering papular areas. Accord- 
ing to Viguier’s figure of V. novae-caledoniae (1879, pl. 9, fig. 8) 
the dorsal plates are entire. The actinal series of papular areas, be- 
tween the inferomarginals and actinal intermediate plates comprises 
only 6 to 9 areas, and is therefore shorter than in the type. There 
are usually 9 marginal mouth spines, and 6 in the parallel suboral 
series. - 

Type-locality —Andaman Islands. 

Distribution—Known only from Andaman Islands and Sulu 
Archipelago. 

Specimen examined—Station 5159, Tawi Tawi Group, Sulu 
Archipelago (off Tinakta Island), 10 fathoms, coral sand; 1 specimen. 

Remarks.—The nearest relatives of this species are V. mollis de 
Loriol (New Britain), V. novae-caledoniae Perrier (New Caledonia), 
and NV. galatheae Liitken (Nicobar Islands and Togean Islands, Cele- 
bes). V. galatheae is not well understood. It is near V. mollis ac- 
cording to de Loriol, who mentions as the only differences that gala- 


11910a, p. 161, pl. 18, figs. 1 and 2. 
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theae has 4 adambulacral spines in each of the 2 series, while in mollis 
there are rarely 4 in the furrow series, and 3 or 2 in the second series; 
and the rather negative character that Liitken does not describe the 
peculiar condition Ror the distal abactinal plates of mollis. 

Koehler has pointed out the differences separating WV. lemonniera 
from WV. novae-caledoniae and N. mollis. The scalloped abactinal 
plates of the Albatross specimen will furnish a further distinguish- 
ing feature. 

NARDOA SQUAMULOSA Koehler. 


Plate 105, fig. 5; plate 111, fig. 1. 
Nardoa squemulosa KorHuer, 1910a, p. 168, pl. 1, fig. 8; pl. 15, fig. 7 and 8. 


The larger of the 2 specimens has R=41 mm., r=7 mm., and 
despite slight differences I think both are referable to Koehler’s 
species. The enlarged adambulacral granules are a trifle less con- 
spicuous than in the type. The distal marginal plates have a dis- 
tinct central tubercle surrounded by granules, and the central gran- 
ules of the distal abactinal plates are enlarged. The characteristic 
enlarged granules of the papular areas number usually 4 to 8, 
although distally they may be fewer. The abactinal plates have 
5 or 6 short, usually overlapping, lobes. 

Type-locality— Off Cape Negrais, Burma, 40 fathoms. 

Distribution—Burma; Philippine Islands, 28 to 67 fathoms. 

Specimens examined. alee 

Station 52538, Gulf of Davao, Mindanao, 28 fathoms, coral. 

Station 5482, Surigao Strait, east of Leyte, 67 fathoms, broken 
shells, sand, green mud. 


NARDOA SEMIREGULARIS (Miiller and Troschel). 
Plate 105, fig. 3. 


Secytaster semiregularis MULLER and TROSCHEL, 1842, p. 36. 
Nardoa semiregularis SLADEN, 1889, p. 412. 

The specimen is small and is characterized by the great regularity 
of the abactinal plates which are arranged in transverse and longi- 
tudinal series). R=29 mm., r=5 mm., R=6 r; breadth of ray at 
base, 5 to 6 mm. There are 6 or 7 spinelets in the furrow series, 
and usually 5 in the second series, while the original description calls 
for but 4 furrow spines. In the Japanese form (Misaki) there are 
frequently 5, and sometimes 6 furrow spines. The distal abactinal 
plates are very regular, not irregular, but as only the carinal series 
occupies the outer third of ray, separating the superomarginal plates, 
it is likely that the regularity may be explained by the immaturity 
of the specimen. This would also account for the presence of but 
1 to 3 pores to each papular area. Near the end of the ray 1 to 2 
subambulacral granules to each plate are enlarged, as in V. squamu- 
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losa. I find this true also of the Japanese form, as well as of JW. 
tuberculata, NV. aegyptiaca, N. gomophia, N. frianti, and N.lemonnieri 
(to a slight extent). The character is not confined therefore to WV. 
sguamulosa, nor to a few species only. 

This species is readily distinguished from NV. squamulosa by the 
greater regularity of the abactinal plates, and by the absence of the 
enlarged granules on the papular areas. It may be distinguished 
from NV. semiseriata (von Martems) by the abactinal plates forming 
regular transverse and longitudinal series. In JV. semiseriata the 
abactinal plates are described as being arranged in guincunz, with 
a single papular pore at the corners of the plates. This strongly 
suggests the genus NVarcissia, in which semiseriata would seem to be- 
long. 

Ty pe-locality.— Java. 

Distribution —Java, Palawan, and (including the form japonica) 
Japan. Sluiter’ (1895, p. 61) records the species from the Moluccas. 

Specimens examined.—Station 5357, North Balabac Strait (south 
end of Palawan), 68 fathoms, coral, sand. 


NARDOA TUBERCULATA Gray. 


Plate 110, fig. 1. 


Nardoa tuberculata Gray, 1840, p. 287; 1866, p. 15.—SLApDEN, 1889, p. 413.— 
KKOEHLER, 1910a, p. 157, pl. 17, figs. 1 and 2. 

Ophidiaster tuberculatus MULLER and TROSCHEL, 1842, p. 32. 

Scytaster tuberculatus PERRIER, 1875, p. 157. 

Notes on Philippine specimens.—Perrier? has described this spe- 
cies and Koehler (1910a, pl. 17, figs. 1 and 2) has already figured it. 
The only important variation in the Albatross specimens is the pres- 
ence in 3 examples (starred in the list of specimens) of numerous 
actinal and abactinal pedicellariae. These resemble large split gran- 
ules. The abactinal pedicellariae are found on the papular areas and 
are several times larger than the small granules of the papular areas, 
and conspicuously larger than the granules on the convexity of the 
plates (which exceed in size those of the sunken papular areas). The 
actinal pedicellariae are also larger than the granules, and are found 
on the intermarginal papular areas, between the inferomarginal and 
actinal intermediate plates, and on the single series of actinal inter- 
mediate plates of the ray. Two small chevrons of actinal interme- 
diate plates in addition to the complete series are present on the disk. 
Some of the actinal pedicellariae have 3 jaws 

In the Buton Strait specimen the abactinal plates are considerably 
less convex than in the Philippine examples and if it is really tuber- 
culata it is a variety intermediate between sections a‘ and a? of my 


1Bijd. tot de Dierk. Konink. Zool. Genoot., Afi. 17. 
21875, p. 157. 
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foregoing synopsis. Without an abundance of material it is prac- 
tically impossible to handle this genus with any degree of precision. 
In the specimen in question none of the plates is really tuberculate. 

In the Celebes specimen R=106 mm., r=about 18 mm., R=about 
6 r; breadth of ray at base, 20 mm. The largest Philippine example 
(Port Binauga, Subig Bay) has the following measurements: R=91 
mm., r=15 mm., R=6 r; breadth of ray at base, 18 mm. 

In the United States National Museum collection there is a small 
specimen bearing the number 3293 (and another number, 2100). 
There is no locality. This specimen has R, 48 mm. and on the abac- 
tinal surface are 25 to 27 prominent low-conical plates forming 
tubercular eminences among the others. Although larger than Per- 
rier’s type of 1. obtusa this example resembles it and suggests the 
possibility that obtusa is a young tuberculata with the tubercules a 
little more prominent than usual. 

Type-locality. —Luzon. 

Distribution—Philippine Islands (Luzon, Cebu, Surigao Sea, 
Masbate, Sulu Archipelago) to Buton Strait, Celebes; Batjan?, 
Flores, Batavia,| Amboina, New Guinea.? 

Specimens examined.—Ten, from the following localities: 

Mariveles, Luzon, 2 specimens. 

Port Buanga, Subig Bay, Luzon, 1 specimen. 

*'Tihg, Lubang Island, off Luzon, 1 specimen. 

*Port San Miguel, Ticao Island (off southern Luzon), shore; 1 
specimen. 

Camiguin Island, Surigao Sea, sand and coral; 1 specimen. 

* Catanigan Bay, Masbate, 1 specimen. 

Tataan Pass, Simulac Island, Tawi Tawi Group, Sulu Archipel- 
ago, shore; 2 specimens. 

Great Tobea Island, Buton Strait (Cebeles), tide pools on coral; 
1 specimen. 

NARDOA FRIANTI Koehler. 


Plate 109, fig. 1; plate 111, fig. 3. 
Nardoa frianti Koruter, 1910a, p. 158, pl. 17, figs. 8 and 4. 


Koehler has given a full description with figures. The Albatross 
specimens are nearly typical. It is to be noted here that the example 
from station 5190 has the granules, especially on the tuberosities, 
acorn-shaped and very slightly spaced, while on the other specimen 
the granules are flattish and closely crowded. The latter specimen 
has R=126 mm. and on the proximal third of the ray a series of 
papular areas have appeared between the inferomarginal and ac- 

1 Déderlein, 1896, p. 319. 


2H. L. Clark, Bull. Mus, Comp. Zo@l., vol. 51, 1908, p. 283 (Sorong, New Guinea, 
Thomas Barbour). 
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tinal intermediate plates, with 2 or 3 pores to each area. The 
smaller example with R=72 mm. has a few of these small areas at 
the base of the ray. 

Type-locality Andaman Islands. 

Distribution—Andaman Islands; Sulu Archipelago. 

Specimens examined —Two: 

Station 5159, Tawi Tawi Group, Sulu Archipelago (off Tinakta 
Island), 10 fathoms, coral sand; 1 specimen. 

Station 5163, Tawi Tawi Group (off Observation Island), 28 
fathoms, coral sand; 1 specimen. 


NARDOA TUMULOSA Fisher. 
Plate 95, fig. 9; plate 109, fig. 2; plate 111, fig. 2. 
Nardoa tumulosa FisHER, 1917), p. 90. 


Diagnosis —In a general way resembling NV. frianti Koehler in 
having prominent, large, hemispherical, abactinal plates, but these 
much fewer and relatively slightly larger than in frianti, lower in 
proportion to width and evenly rounded or dome-shaped. They are 
confined to the abactinal surface and the proximal two-thirds of 
ray; plates of distal third of ray small, crowded, convex; disk high. 
R=about 90 mm., r=about 14mm. R=6.4 r; breadth of ray at base, 
17 mm.; height of disk, 21 mm. 

Description.—The general form of this species, as well as the prin- 
cipal differences between it and NV. frianti are shown fairly well by 
the figure. The prominent tubercles number about 10 to 15 on each: 
ray and are confined to the proximal two-thirds of the ray. Each 
of these prominent plates is subcirceular or elliptical (in which case 
the long axis is transverse) and the edge of the plate is very slightly 
and irregularly lobed, each lobe articulating with one of the irregu- 
lar smaller and lower intermediate or secondary plates. The promi- 
nent plates are dome-shaped and lower in proportion to the width 
than are those of frianti. On the outer third of the ray the plates 
are all small, rather strongly convex, and oriented longitudinally 
(at least the more prominent ones, which are irregularly elliptical 
in form). The abactinal granules are largest on the tuberosities, 
polygonal, and close-set, gradually diminishing in size toward the 
papular areas, where they are about half the diameter. The lower 
convex plates also have the central granules enlarged. The papular 
areas are smaller than the plates and in the type contain 15 to 30 
pores, and in the smaller specimen only 6 to 10. 

The proximal marginal plates are not at all globular as are some 
of the superomarginals in frianti, but are slightly convex, and the 
central granules are enlarged as in the case of the abactinal plates. 
The last 10 or 12 plates of both series frequently have the central 
granule enlarged into a definite thimble-shaped tubercle, or there 





\ 


STARFISHES OF THE PHILIPPINE SEAS. 887 


may be 2 or 3 such granules larger than the others. Some of 
the distal abactinal plates are so armed. A single series of small 
actinal intermediate plates extends about a third the length of ray; 
for the remainder of the ray the large inferomarginal plates are in 
contact with the adambulacrals. There is a series of intermarginal 
papular areas but no papulae between the inferomarginal plates 
and the furrow. In the type there is a series of a few intermarginal 
plates at the base of each ray. 

Adambulacral armature: Three or 4 furrow spines, blunt and 
usually irregularly 4-sided in section; back of these is a series of 
about 3 slightly thicker and much shorter, usually quadrate, 
truncate, or round-tipped granules; then a definite series of 3 or 
4 decidedly smaller granules, intermediate in size between the 
first series and the actinal granulation. The outer edge of plate is 
filled in with 1 or 2 irregular or angular series of granules identical 
with those of actinal intermediate and inferomarginal plates. 

Madreporic body small, circular, about midway between the mid- 
dle of the elevated disk and the lower edge of the superomarginal 
plates. 

Type.—Cat. No. 37028, U.S.N.M. 

Type-locality.—Station 5160, off Tinakta Island, Tawi Tawi 
Group, Sulu Archipelago, 12 fathoms, sand; surface temperature 82° 
F.; 1 specimen. 

Distribution—Known only from Tawi Tawi and Jolo, Sulu 
Archipelago, 12 to 34 fathoms. 

Specimens examined.—TIwo, the type and 1 from station 5555, off 
Cabalian Point, Jolo Island, 34 fathoms, coarse sand. 

Kemarks.—There is a very slight possibility that this form may be 
the adult of Nardoa obtusa Perrier (1875, p. 169). I examined Per- 
riet’s type, in the British Museum. Perrier does not give measure- 
ments nor does he indicate that the specimen is small. The meas- 
urements are: R=35 mm.,r=8 mm. The abactinal plates are nearly 
hemispherical and more prominent toward the end of ray than at 
the base. The adambulacral armature is: Furrow spinelets 4, then 
2 series of 3 granules each. I was able to compare this specimen 
with young variolata, from which it differs in having 7 plates across 
the base of ray (5 in variolata), the plates circular in form, and the 
secondaries larger than in variolata. The type of obtusa is from 
Siquijor, Philippines. 

The type of obtusa has relatively blunter rays than the smaller 
specimen of ¢wmulosa (R=63 mm.), and the tubercles are less 
prominent on the disk and the base of the rays. Just what obtusa 
would look like, if adult, is rather difficult to conjecture. A detailed 
comparison of the type with that of twmudosa is therefore omitted, 
because the specimens are not really comparable. 
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Genus OPHIDIASTER Agassiz.* 


Ophidiaster AcAssiz, Mém. soc. sci. nat. Neuchatel, vol. 1, 1835, p. 191. 
Type, O. ophidianus (Lamarck). 


KEY TO SPECIES OF OPHIDIASTER HEREIN DESCRIBED. 


a. Center of some of the abactinal and marginal plates with 1 or more en- 
larged, tuberculate granules, or with single tubercles, or spines. 

db’. Adambulacral armature in 2 series, the subambulacral spine of irregular 

occurrence; marginal and abactinal plates with conspicuous central 
spine or’serial (tubercles eee ee ee fuscus, p. 388. 

b?, Adambulacral armature in 38 series. 

c’. Papulae normally in 6 longitudinal series; plates with single central 
tubercle; sheath of pedicellariae with margin of depression entire, 
not toothed or crenulate; papular areas large (except in young speci- 
mens). with) 10-12 pores..42=-— 2 eee tuberifer, p. 398. 

c. Papulae in 8 longitudinal series; plates with several enlarged tubercu- 
late granules; sheath of pedicellariae with crenulate or toothed 
margin; papular areas small, with 3 or 4 pores______ trychnus, p. 390. 

a, Abactinal and marginal plates covered with a fine granulation. without a 
sign of central tubercles or spines; adambulacral armature in a double 
series on furrow, but the regular subambulacral spine lacking except in 

a rudimentary condition at end of ray_--__-_-_____--_-___- dubiosus, p. 394, 

OPHIDIASTER FUSCUS (Gray). 

Plate 95, figs. 5, 5a-c; plate 108, fig. 4; plate 104, fig. 1; plate 111, figs. 5, 6. 

Tamaria fusca GRAY, 1840, p. 283; 1866, p. 13. 

Ophidiaster fuscus PERRIER, 1875, p. 182. 

Linckia megaloplar BELL, 1884), p. 126. 

I made some notes and sketches of Gray’s type Ban the specimens 
listed below appear to be fairly typical examples. The species is 
somewhat variable. In most cases the color is a striking combina- 
tion of “ Bougainvillea” purple and brown. The accompanying de- 
scription and figures will probably be useful for a comparison with 
nearly related forms, O. hirsutus Koehler, for example. 

Description—General appearance very similar to that of 0. hir- 
sutus. The abactinal and marginal plates are strongly convex and 
form 7 regular series. The granules are smallest around the border 
of plates, increasing in size toward the center, where they are unequal, 
some of them being more convex than others. The granules of the 
papular areas are unequal in size, some being subequal to the gran- 
ules of the borders of the plates, others 2 or 3 times as large. The 
center of the abactinal and marginal plates bears either a stout coni- 
cal spine or a spine with 1 to several tubercular granules at the base, 
or some plates may bear 2 to 5 tubercles shorter than the spines. The 
largest specimen from station 5641 is remarkable for having on prac- 
tically all the abactinal and on many of the superomarginal plates 
as well a heap of upward of 9 or 10 unequal subconical or acorn- 
shaped, enlarged g granules instead of the spine. Most all the infero- 





1 Chione Gistel, Naturgeschichte des Thierreichs, 1848, p. 176. Type, Chione ophidianus 
(Lamarck). 
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marginal plates have the spine. Many of the abactinal and marginal 
plates have a large alveolar pedicellaria, sometimes 2, with a figure 
8 depression into which the jaws closely fit when open. The entire 
apparatus is two-thirds to three-fourths the length of plate. The 
jaws are semicircular with 8 to 10 fine teeth and narrow abruptly 
into a very slender stem. The alveoles have a smooth border; rarely 
with 1 or 2 indentations. 

Papular areas conspicuous, in 6 longitudinal series (none actinal). 
Each area is smaller than the neighboring plates and contains 7 to 10 
pores scattered among granules of diverse sizes. 

Adambulacral armature variable so far as the actinal spine is con- 
cerned. Each plate has 2 furrow spines, or in some cases 3 at the 
base of ray. These are flattened, truncate, and shightly hollowed or 
faintly grooved on the furrow face. The adoral spine is commonly 
broader at tip and the aboral narrower at tip than at base; the lat- 
ter appears to be slightly smaller. The subambulacral spine is thick, 
broadly lanceolate to subconical, blunt, and separated from the fur- 
row spines by 1 or 2 rows of granules. It is very irregular in oc- 
currence. At the base of the ray there is likely to be 1 to a plate 
(1 to every 2 furrow spines), but farther along ray any number of 
plates may be skipped, so that sometimes only a very few are present 
throughout the whole length of the furrow. Its place is usually 
taken by a granule slightly larger than the rest. 

One series of actinal intermediate plates extends nearly to end of 
ray while a second series sometimes nearly reaches the middle. They 
are very slightly convex with slightly larger granules near the mid- 
dle than on the edge. A few pedicellariae may be scattered over 
the actinal surface or they may be entirely absent. 

Madreporic body large, but variable, subcircular with fine radiat- 
ing branching striae. 

Color in alcohol, light brown marked on the disk, base of rays, and 
by 2 cross bars on the rays, with a brilliant light pinkish purple. The 
specimen from station 5641 lacks purple and is mottled with darker 
brown. 

Type.—British Museum. 

Type-locality—Migupou (probably a Philippine locality). 

Distribution—Philippine Islands (Gulf of Davao, Mindanao), 
Celebes, and northwestern Australia, to 39 fathoms. 

Specimens examined.—Six: 

Station 5248, off Lanang Point, Gulf of Davao, Mindanao, 18 
fathoms, coral; 1 specimen. 

Siition 5OBL, off Linao Point, Gulf of Davao, Mindanao, 20 fath- 


oms, coral; 1 specimen. 
Station 5252, same locality, 28 fathoms, coral; 1 specimen. 


Station 5253, same locality, depth and bottom; 2 specimens. 
13434—Bull. 100—19 26 
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Station 5641, off Kalmo Point, Buton Strait, Celebes, 39 fathoms, 
sand, shells; 1 specimen. 

Remarks.—Koehler (1910a, p. 149, pl. 18, figs. 5 and 6) has de- 
scribed a very closely related form, O. hirsutus from the Andaman 
Islands, 11 to 25 fathoms, which may prove to be but a race of fuscus. 
It lacks pedicellariae and has an inconspicuous actinal intermediate 
series of papulae at base of ray, as well as a few other minor differ- 
ences, including color. 

I have examined a specimen of Linckia megaloplax from the Alert 
collection (Museum of Comparative Zodlogy) and I think it is very 
probably the same as Ophidiaster fuscus. 


OPHIDIASTER TRYCHNUS Fisher. 
Plate 84, fig. 5; plate 95, figs. 6, 6a-d; plate 103, figs. 2, 3; plate 107, fig. 6. 


Ophidiaster trychnus FisHrEr, 1918¢, p. 215. 


Diagnosis—Differing from O. pusillus Miller and Troschel in 
having the papulae in 8 longitudinal series, and the central granules 
of the abactinal, marginal, and actinal plates enlarged, and subtu- 
berculate on outer part of ray, and in having the pedicellaria sheaths 
toothed, not entire; differing from O. tuberifer in having 8 longi- 
tudinal series of papular pores, much larger and broader pedicel- 
Jariae, with the sheaths toothed, not entire, and in having a number 
of enlarged granules on the plates, not a single conical tubercle of 
predominant size. R=19 mm., r=4 mm., R=about 5 r.; breadth of 
ray at base,5 mm. Rays cylindrical, only very slightly tapering, with 
a blunt extremity capped by a dorsal, convex, roundish terminal 
plate. 

Description.—Seven series of abactinal and marginal subcordate 
plates, the adoral narrower end overlying the broader aboral end; 2 
series, on either side, of smaller actinal intermediate plates, the inner 
extending to within 4 inferomarginal plates of end of ray, the second 
extending nearly half the length of ray. Abactinal and marginal 
plates slightly tumid, each longitudinal series forming a low convex 
ridge, separated by relatively shallow, but very evident, furrows, con- 
taining the series of papular areas (8 in all). Granules slightly 
spaced to contiguous, but not crowded; very unequal as to size and 
form. Those covering papular areas are small and unequal, but 
usually a little smaller than the pores themselves; next larger are 
the granules between consecutive pore areas and along the transverse 
margins of the plate, whence they increase very rapidly in size toward 
the center of plate, the greater part of whose area is occupied by 
blunt, broadly subconical, unequal, sometimes tuberculate granules, of 
which 3 to 10 are of preeminent size, and either touch or are very 
slightly spaced, the groups being usually wider than long—that is, 
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transversely oriented. These granules increase slightly in length on 
the outer part of the ray, especially on the marginal plates, 1 to 4 
having the form of blunt conical tubercles. On the actinal inter- 
mediate plates the granules are also unequal, several in the middle 
of plate being subtuberculate and only a little smaller than the adja- 
cent outer series of adambulacral tubercles. At the base of the ray 
8 or 9 granules can be counted across the widest part of the plate. 
Terminal plate dorsal in position, subcircular, or a little wider than 
long, convex, with 2 or 8 tubercular prominences in a transverse series. 

Relatively large 2-jawed excavate pedicellariae occur in very vari- 
able numbers on the abactinal, marginal, and actinal intermediate 
plates. They are more numerous in the cotype than in the type, 
there being 1 or sometimes 2 on a majority of the plates. The form 
into which the jaws fit when open is of the usual figure-8 shape, 
obliquely and longitudinally oriented, and is nearly as long as the 
plate. Each jaw is broadly spatulate, semicicular distally, broader 
than in O. germani, and has 4 or 5 relatively large teeth with corre- 
sponding indentations on the edge of the form. In well-formed pedi- 
cellariae the diameter of distal expanded part of the jaw is about that 
of the large granules. The alveolar “form” is excavated from the 
plate itself and has a conspicuously elevated rim. The exact form 
is best seen from the figure (pl. 95, fig. 6a-0). 

Abactinal papulae do not reach the end of ray, but the intermargi- 
nal series comes within about 3 superomarginal plates of the tip. 
Actinal intermediate series extends about half the length of ray. 
Abactinal and intermarginal papulae, usually 3 to an area; actinal 
intermediate papulae, 3, 2, and 1. 

Adambulacral plates wider than long, obliquely oriented; furrow 
spines 2 flattened, the adoral broadly spatulate, roundly truncate, 
about twice as long as breadth at tip, the aboral slightly shorter, 
much narrower, slightly tapering, and blunt. Forming a transverse 
oblique, adorally trending series with the larger furrow spine, and 
without intervening granules, is first a shorter compressed, broad, 
round-tipped granule, then a longer, much thicker ovoid or acorn- 
shaped slightly flattened tubercle, about as long as the larger fur- 
row spine, but much more conspicuous. Between these consecutive 
transverse series is a transverse series (occasionally 2) of elongate, 
bluntly pointed granules; and external to the series of tubercles is a 
less regular series of shorter actinal intermediate tubercles, inter- 
spersed with a few longitudinally oriented pedicellariae. The outer 
adambulacral tubercle is directly behind the median, and that is 
nearly opposite the interval between the adoral larger spine of one 
plate and the aboral spine of the adjacent (adoral) plate. This is 
due to the oblique orientation of the plates. 
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Madreporic body large, with irregular, branched, centrifugal striae. 
It is situated on the adradial series of plates, nearer to margin than 
to center of disk. 

Anal aperture surrounded by about 6 subtriangular granules, larger 
than the other granules. 

Type.—Cat. No. 32639, U.S.N.M. 

Type-locality—Port Palapag, north coast of Samar; no record of 
depth or bottom, but probably collected on reef; 2 specimens. 

Distribution—Samar and vicinity, to 67 fathoms. 

Specimens ecamined.—The types and a very small specimen, prob- 
ably belonging to this species from station 5482, Surigao Strait, east 
of Leyte, 67 fathoms, broken shells, sand, green mud. 

Remarks.—This species is distinguished from the great majority 
of Ophidiasters by having the adambulacral armature in 38 series. 
It seems to require comparison chiefly with O. puszllus Miiller and 
Troschel, from which it differs in having the papular areas in 8, 
not 6, longitudinal series, in having the sheaths of the pedicellariae 
toothed to correspond with the serrate blades, not entire as described 
by Perrier (1875, p. 131). The granules are more tuberculate on the 
center of the plates, especially the marginals, and the inner sub- 
ambulacral spine is opposite an interval between 2 furrow spines, 
whereas in pusillus Perrier states that this spine is opposite the 
smaller of the furrow spines. O. pustulatus von Martens is described 
as having the furrow spines in 3 series, which would seem to ally it 
with the present form, but Déderlein (1896, p. 317) believes that this 
species is identical with 0. purpureus Perrier, which is figured by de 
Loriol (1885, p. 14, figs. 3-32). O. purpureus has the adambulacral 
armature in 2 series, and furthermore is characterized by having a 
granule between the furrow spines (and facing the furrow), a fea- 
ture which it shares with O. cylindricus Miiller and Troschel and 
O. squameus Fisher. If Déderlein is correct, O. pustulatus is not 
closely related to O. trychnus. But aside from this, 0. pustulatus has 
longer rays (R=9r) a more uniform granulation (not at all tubercu- 
late), and less numerous subambulacral spines. 

The few Indo-Pacific species of Ophidiaster having the adambu- 
lacral armature in 8 longitudinal series along the ray may be briefly 
contrasted as follows: 


a’. Some of the abactinal and marginal plates with a central tubercle, or sev- 
eral conspicuous tuberculate granules, especially on the distal part of 
the ray. 

db’. Execavate pedicellariae present; subambulacral spines of a plate con- 
tiguous. 

c’. Papulae normally in 6 longitudinal series; plates with single central 
tubercle; sheath of pedicellarine with margin of depression entire, 
not toothed or crenulate; papular areas large (except in young speci- 
mens) with 10312 pores24 282s eee O. tuberifer Sladen 

(Andaman Islands, Sulu Archipelago, Torres Straits). 
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c. Papulae in 8 longitudinal series; plates with several enlarged tuber- 
culate granules; sheath of pedicellariae with crenulate or toothed 
margin; papular areas small with three or four pores. 

O. trychnus Fisher (Samar). 

b*. No pedicellariae; subambulacral spines of a plate separated by granules. 

O. ornatus Koehler (Ceylon). 

a. Abactinal and marginal plates without tubercles or tuberculate granules. 

b*. Excavate pedicellariae, with entire, not crenulate, sheaths; abactinal 
and marginal plates not strongly convex and naked centrally. 

O. pusillus Miller and Troschel (New Caledonia, Philippine Islands). 

b*. No pedicellariae; abactinal and marginal plates tumid or nodose, with 

nakedicentral ‘areaL ou 2p O. triseriatus Fisher (Hawaiian Islands). 


OPHIDIASTER TUBERIFER Sladen. 
Ophidiaster tuberifer SLADEN, 1889, p. 404, plate 65, figs. 1 to 4. 


Notes on Philippine specimens.—There are two specimens, one 
quite small and the other unusually large. Both differ from typical 
O. tuberifer, but nevertheless seem referable to this species. The 
smaller example, with R equaling 20 mm., differs in one important 
respect from the type. In Sladen’s specimens the papular areas are 
large, with 10 to 12 or sometimes more, papulae, but in the Philip- 
pine example there are only about three papulae to each area. The 
pedicellariae are a little larger than in Sladen’s figure, and many of 
the adradial plates are provided with a central tubercle. The gran- 
ules are also somewhat coarser. Whether these differences are racial 
or fall within the normal age or individual variation of O. tuberifer 
can not be determined. The presence of six series of papular areas, 
and numerous pedicellariae with smooth bordered sheaths, together 
with a triseriate adambulacral armature would suggest O. pusdllus 
Miiller and Troschel, but so far as known that form does not have 
central tubercles on any of the abactinal or marginal plates. In the 
specimen under consideration most of the marginal, carinal, and 
many of the distal adradial plates (as well as a few of the proximal) 
have a central tubercle, sometimes two. 

The measurements of the larger specimen (station 5147) are as 
follows: R=67 mm., r=9 mm., R = 7.4 r; breadth of ray at base, 10 
mm. The most important difference presented by this specimen is 
the irregularity of the adambulacral armature which is biseriate ex- 
cept for a short distance at the base of ray. The armature appears 
to be demoralized, as there is no regularity. Many plates lack sub- 
ambulacral spines altogether. When one is present it is usually sep- 
arated from the furrow spines by 2 rows of granules; when 2 are 
present, which is relatively seldom, a series of granules separates 
them, and also the inner from the furrow spines. The outer spine 
is also smaller than in Sladen’s figures. There are usually 2 but some- 
times 3 furrow spines, the adoral the largest. The carinal series 
lacks tubercles, as did Koehler’s Andaman specimen. The granules, 
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pedicellariae, papulae, and general appearance indicate that this 
specimen is O. tuberifer or at most a variety. The papular areas 
are large and in 6 longitudinal series with upward of 18 pores to an 
area on the disk, and 15 on the ray, the number decreasing toward 
the end of ray. 

The abundant pedicellariae would readily distinguish this speci- 
men from QO. ornatus Koehler, to which the granules between the 
subambulacral spines would suggest an alliance. The biseriate and 
generally irregular character of most of the adambulacral armature 
does not at all conform to the triseriate separated armature of 
ornatus. This specimen is certainly not normal. 

Type.—tin the British Museum. 

Type-locality—Challenger station 186, Torres Strait, off Cape 
York, 8 fathoms, coral mud. 

Distribution—Torres Strait; Andaman Islands, 53 fathoms 
(Koehler) ; Thursday Island (Déderlein) ; Sulu Archipelago. 

Specimens examined.—Iwo: 

Station 5153, off Tocanhi Point, Tawi Tawi Group, Sulu Archi- 
pelago, 49 fathoms, coral sand, shells. 

Station 5147, 8.4 miles southwest of Sulade Island (near Jolo), 
Sulu Archipelago, 21 fathoms, coral sand, shells. 


OPHIDIASTER DUBIOSUS (Koehler). 


Plate 110, fig. 2; plate 111, fig. 4. 
Linckia dubiosu KoEHLER, 1910a, p. 155, pl. 18, fig. 10, 11. 


Notes on Philippine specimen.—In the possession of a few excavate 
slender pedicellariae, this specimen differs from the type. The abac- 
tinal plates are a trifle more convex, and, as noted in the description 
below, there is present a rudimentary subambulacral spine or granule 
near the tip of ray. Otherwise the specimen agrees very well with 
the description given by Koehler. To be sure the madreporic body 
is subtriangular, but that is always subject to considerable variation 
in this genus. 

The species may be characterized as resembling O. sclerodermus 
Fisher and O. tenellus Fisher, but with more tumid and more regu- 
larly arranged abactinal and marginal plates, few or no pedicellariae, 
and no subambulacral spines, except in a rudimentary state at end 
of ray. 

The following is a description of the specimen: 

R=55 mm., r=7.5 mm., R=7.3 r; breadth of ray at base, 8 to 8.5 
mm. Plates arranged in very regular longitudinal and transverse 
series. Abactinal and marginal plates roughly shield-shaped, nearly 
equal, separated by very regular series of papular areas, 6 in all. 
Plates evenly convex, the sulcuses separating the longitudinal rows 
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of plates being deeper than the transverse sutures. Papular areas 
much smaller than the plates, containing 3 to 5 pores; no papulae on 
actinal surface. Plates overlaid by a close covering of nearly uni- 
form small granules, about 20 in the diameter of a proximal carinal 
plate. They are very slightly smaller in the sulcuses between the 
plates. A very few alveolar pedicellariae with slender curved jaws 
are present on abactinal surface. They resemble the pedicellariae of 
O. sclerodermus (Fisher, 1906, pl. 31, fig. 2). 

One series of actinal intermediate plates extends nearly to tip of 
ray, a second series about half length of ray, and a third series to 
about the fourth inferomarginal. These plates are covered with 
a close uniform rather fine granulation similar to that of the abacti- 
nal and marginal plates. 

Adambulacral plates with an apparently double furrow series but 
no subambulacral spine or granule until near the tip of ray. Proxi- 
mally the plates have 3 short, broad, subtruncate spinelets set slightly 
obliquely, so that 2 appear to be on the edge of furrow, and the third 
(which is the adoral) back slightly, partly behind the middle spine 
of its own plate and the aboral spine of the adjacent adoral plate. 
This spinelet is a little heavier than the other 2, which are marked 
by a shallow sulcus running the whole length. On the outer third 
of ray a fourth granule, subspherical, and similar to the adoral 
granule just spoken of, stands cbliquely adorad of the latter and rep- 
resents apparently the true suboral spine. It forms with the median 
and adoral furrow spine (the latter being off the furrow margin) 
an oblique transverse series, usually without intervening granules. 
Throughout most of the ray, therefore, there is only the double fur- 
row series, the true subambulacral granule appearing in a rudimen- 
tary form at the end of ray. 

Madreporic body subtriangular, slightly nearer the margin than 
center and marked by fine, irregular, radiating striae. 

Color in alcohol, light brown mottled with darker, the sulcuses fre- 
quently marked with darker brown. 

Type-locality— Andaman Islands. 

Distribution—Andaman Islands and Surigao Strait, to 67 fathoms. 

Specimen examined.—Station 5482, Surigao Strait, east of Leyte 
(4.5 miles southeast of Cabugan Grande Island), 67 fathoms, broken 
shells, sand, green mud. 

Remarks.—Despite slight points of difference, such as the posses- 
sion of a very few pedicellariae, I think the Philippine specimen is 
referable to Koehler’s species, the type of which is smaller (R=28 
mm.). This: would partly account for the absence of pedicellariae. 

I have placed the species in Ophidiaster because the plates are very 
regularly arranged in longitudinal series, a few pedicellariae are 


396 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 


present very similar to those of O. sclerodermus, and lastly because 
near the extremity of the ray a rudimentary subambulacral spine or 
granule makes its appearance. I recall that the species presents 
several analogies to Linckia; it will not be surprising if the genera 
actually intergrade. 

O. dubiosus resembles O. rhabdotus Fisher (Hawaiian Islands) but 
the latter has an actinal series of papular pores (8 series in all) and 
large, spatulate subambulacral spines. O. sclerodermus Fisher and 
O. tenellus Fisher (Hawaiian Islands) and O. twmescens Koehler 
(Aru Islands) are characterized by having no actinal papulae, but 
all three are provided with well developed subambulacral spines. 
In fact the absence of these in O. dubiosus separates it from all 
other Ophidiasters. 

I have never seen Ophidiaster pusillus (Miiller and Troschel), but 
judging by Perrier’s observations (1875, p. 128) that species resem- 
bles a Linckia. Perrier states that in certain respects its adambula- 
cral armature is intermediate between that of Linckia and Ophi- 
diaster. The pedicellariae have a different form to those of dubiosus, 
being shorter and denticulate. 


Genus LETASTER Peters. 


Leiaster Peters, Monatsber. d. k. preuss, Akad. d. Wiss. Berlin, Apr. 1852, 
p. 177. Type, L. coriaceus Peters. 
LEIASTER ANALOGUS Fisher. 
Plate 84, fig. 1; plate 95, fig. 7; plate 112, fig. 1. 
Leiaster analogus FISHER, 19138¢, p. 215. 


Diagnosis —Resembling L. coriaceus Peters in having grooved fur- 
row spines, but differing in having longer, slenderer rays, numerous 
pedicellariae, and the abactinal papulae in very definitely circum- 
scribed areas. Differing from other species of Leiaster in having 
channeled furrow spines. R=125 mm., r=13.5 mm., R=9 r; breadth 
of ray at base, 15 mm. Rays unequal, the longest 8.5-9 times as long 
as width of ray at base. 

Description.—General form closely resembling that of L. leachii. 
Whole body overlaid by thick tough skin obscuring, unless dried, the 
outlines of the 4-lobed, smooth plates, which are arranged in regu- 
lar longitudinal and transverse series. There are 7 longitudinal 
series of abactinal and marginal plates, and on either side 2 series of 
smaller actinal intermediate plates, 11 series in all. Pedicellariae 
very inconspicuous unless specimen is dry; after drying they become 
conspicuous. They are situated on the edge of the plates or on mar- 
gin of papular areas, and each consists of 2 very slender spatulate 
curved jaws which fit into smooth depressions of a roughly crescent- 
shaped calcareous piece, embedded in the skin. One to 4 of these 
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are present on most of the papular areas. Each apparatus is about 
one-fourth or one-fifth the transverse diameter of the plate in length. 
A few calcareous grains are scattered in the skin of the papular areas 
and can be seen only when specimen is dry. There are no granules 
whatever on surface of plates as in LZ. leachii. 

Papular areas slightly sunken, in 8 regular longitudinal series, 
each area before drying appearing slightly larger than the adjoining 
plates; after drying, shghtly smaller. Before drying the areas of a 
series appear to be nearly or quite confluent; after drying they be- 
come sunken and this appearance is lost. There are 15 to 35 pores to 
an area. 

Adambulacral spines slender, of uniform width, truncate or round- 
tipped, subequal, and one-half to one-third longer than the base line 
of the comb. They are marked by a shallow grove from near the 
base to near the tip—the groove not reaching either end. This mark- 
ing is best shown on the proximal half of ray, being often rather 
faint on the spines of the distal half. Three is the commonest 
number, but many plates of the type have 4. The furrow spines are 
united by a continuous membrane, their tips forming a scalloped edge 
to the furrow margin. The actinal spine is heavy, subcylindrical, and 
a little longer than the furrow spines, having often a slightly swollen 
and flattened tip. On the outer part of the ray the spine usually 
skips 2 plates, but at the base frequently occurs on every other plate. 
One specimen has 4 rays, the rest 5. 

Type—Cat. No. 32640, U.S.N.M. 

Type-locality.—Station 5165, off Observation Island, Tawi Tawi 
Group, Sulu Archipelago, 9 fathoms, coral; 4 specimens. 

Distribution—Known only from the type-locality. 

Remarks.—This form agrees with Leiaster coriaceus Peters in 
having grooved furrow spines. It differs from coriaceus in having 
abundant pedicellariae, longer, slenderer rays, less flattened dorsally, 
in having the abactinal papulae in perfectly circumscribed areas (not 
scattered indefinitely everywhere), and in having the furrow spines 
untapered and truncate. Theskeleton appears to be more regular than 
in adults of coriaceus. L. analogus differs of L. leachii in having 
perfectly smooth plates, not finely granulated ones, in having more 
numerous and grooved adambulacral furrow spines, and in having 
abundant pedicellariae. L. speciosus is described as differing from 
L. leachii only in possessing pedicellariae. On account of the pres- 
ence of pedicellariae I was at first inclined to regard analogus as a 
race of speciosus, but if speciosus is really so close to leachii the rela- 
tionship of analogus can not be in that direction, for it lacks the fine 
granules figured and described by de Loriol as characterizing the 
plates of leachii; moreover both leachvi and speciosus have only 2 
ungrooved furrow spines, while coriaceus and analogus have 3 (or 4) 
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grooved spines. Apparently, then, analogus bears much the same 
relation to coriaceus as speciosus does to leachit. On the other hand, 
in the form of the ray and the regularity of its plates, analogus re- 
sembles more nearly leachiz. 

L. glaber and L. callipeplus lack pedicellariae and have furrow 


spines without grooves. 


Genus BUNASTER Doderlein. 


Bunaster D6DERLEIN, 1896, p. 317, pl. 22, figs. la—g. Type, B. ritteri Doder- 
lein. 
BUNASTER LITHODES Fisher. 


Plate 95, figs. 8, 8a—b; plate 124; fig. 4. 


Bunaster lithodes F1sHEr, 19170, p. 91. 

Diagnosis—Very close to &. ritteri in general appearance, but 
differing in lacking the curious ball-and-socket granules of that 
form, and in having abundant, low, bivalved pedicellariae on the 
papular areas, and a few narrow spatulate tongs-shaped pedicellariae 
on the abactinal plates; outer actinal intermediate plates larger than 
the inner, and subambulacral spines slightly narrower; granules 
between the naked areas of plates smaller and more numerous. 
R= 22 mm.,r=—5 mm., R=4.4 r; breadth of ray at base, 6 mm. 

Description—In the arrangement, form, and surface of plates 
very similar to typical Bunaster ritieri, but on account of the speci- 
men being much larger than the type of ritéeri, the intermarginal 
and adradial plates extend farther along the ray, and the second, or 
outer, actinal intermediate series is lacking only on a trifle less than 
the terminal third of the ray. The number of plates in each of the 
marginal and in the radial series has increased. The form of the 
naked part of the plates is best seen in the photograph. They re- 
semble, in miniature, irregular boulders set in coarse, pebbly mortar. 
The surface of the plates, like that described and figured for ritter, 
is rough with regular microscopic bosses which, when viewed under 
the microscope, remind one very strongly of the compound eye of 
an insect. ‘These bosses decrease in size toward the middle of the 
plate, and are found also on the surface of granules. ‘The larger 
plates also have whitish swellings on the surface, sometimes elongate, 
sometimes small, roundish, and upward of 5 or 6 in number. Abac- 
tinally the plates are separated on the oblique transverse sutures by 
2 or 8 series of granules, and usually by 3 to 5 along the longitudinal. 

Superomarginals 17 or 18; inferomarginals the same; visible inter- 
marginals about 13 or 14. A second row of intermarginals consist- 
ing of about 3 small plates is found in the arm-angle ventral to the 
main series. Both supero-and inferomarginals are oriented as in 
ritteri—obliquely with the actinal end pointing toward the mouth, 
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and the relative size and form of the exposed surface is as in ritierd. 
The inferomarginals are nearly elliptical and narrower than the 
superomarginals which are oval, the broad end actinad. Terminal 
plate large, almost identical with that of ritterd. 

The outer row of actinal intermediate plates has the exposed sur- 
face, which is elliptical or roundish, conspicuously larger than that 
of the inner row, at least for half the length of ray. The outer series 
extends about two-thirds the length of ray, and 2 or 3 irregular 
series of granules separate them from the inferomarginals, and 1 
or 2 from the inner series, while transversely, the plates of each 
series are separated by 2 or 3 rows of granules. 

Each adambulacral plate has 2 furrow spines, rounded truncate, 
about twice as long as broad, and the adoral a trifle narrower than 
the other. The subambulacral spines are narrower than figured for 
ritteri, elliptical in shape, separated from the furrow spinelets 
(which extend above the level of the granules for about half their 
length) by usually a single series of granules, and from one another 
by 1 or 2 series. Usually at the base of the spines in the interval 
between them is an enlarged granule which is most prominent on ~ 
the middle third of the ray. These granules, which vary in size 
from 2 to 5 times the diameter of the others usually are separated 
from the adjacent spines by a single series of very small granules. 

Papular areas in 10 longitudinal series with usually 3 papulae to 
an area: 4 abactinal, 2-2 intermarginal, and 1+1 actinal interme- 
diate. 

The peculiar sphaeridialike structures described as pedicellariae 
by Déderlein in B. ritieri seem to be entirely absent. But each 
papular area has 1 to 3 low bivalved pedicellariae, whitish in color, 
and each valve is about 1.5 to 2 times the size of an adjacent granule. 
The contour of the pedicellaria is that of a fairly broad ellipse with 
the ends truncated. A few of the abactinal and marginal plates 
have a tongs pedicellaria with two slender spatulate jaws, 1.5 to 2.5 
times as long as their breadth at base, which fit into conspicuous de- 
pressions of the plate when open. (See figs. 8a—0, pl. 95.) 

The madreporic body, just outside a primary basal plate has 
branched radiating ridges and narrow deep striae. 

Color of dried specimen, burnt umber marbled on the rays with 
Naples yellow. 

Type.—No. 2498, Museum of Comparative Zodlogy. 

Type-locality—Apo Reef, Mindoro Strait, Philippines. 

Specimen examined.—The type is the only known spevimen. 

Remarks.—I am greatly indebted to Dr. H. L. Clark for permis- 
sion to describe and figure this form, which was not taken by the 
Albatross expedition. 

Bunaster ritteri is from Amboina. 
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Genus LINCKIA Nardo. 


Lin{e]kia* Narpo, Oken’s Isis, 1884, p. 717. Type, L. typus Nardo=L. lae- 
vigata (Linnaeus). 
KEY TO THE SPECIES OF LINCKIA HEREIN LISTED. 
a’, Furrow spines separated by several granules in a perpendicular series. 
b*. In large specimens R=more than 6 r; rays 9 times as long as wide; papu- 
lar areas humerous, small, about the size of the plates, 6 to 12 pores; 
no median radial area free from papular areas; 2 or 3 madreporic 
OCC a ae 2h ee ee eee So eee multifora, p. 400. 
b*, R=about 6 r; rays 5 times as long as wide; papular areas superficially 
larger than the plates; a median radial area free from papular areas; 
1 madreporic bodye.2 == Sa ae eee laevigata, p. 400. 
a?, Furrow spines not separated by several granules in a perpendicular series. 
guildingti, p. 401. 
LINCKIA LAEVIGATA (Linnaeus). 
Asterias laevigata LINNAEUS, 1858, p. 662. 
Linckia laevigata LUrKEN, 1871, p. 265. 
Specimens examined.—Twenty-four from the following localities: 
Apra Bay, Guam, 4. 
Tilig, Lubang Island, off Luzon, coral reef, 2. 
Pandanon Island, between Cebu and Bohol, coral, 2. 
Port Palapag, Samar, 1 
Port Langean, nea Island, eastern Palawan, enh A 
Machesi Island, eastern Palawan, coral, 1. 
Tara Island (eal island off west coast), Mindoro Strait, 2. 
Tataan Pass, Simaluc Island, Tawi Tawi Group, Sulu Archipelago, 
shore, 6 
Station 5558, Cabalian Point, Jolo Island, 15 fathoms, coral, 1. 
Balayan Bay, shore, 1 
West coast Palani Island, 2. 
No locality, 1 
Distribution—Red Sea, Mozambique, Mauritius, Zanzibar, Per- 
sian Gulf, Madras, Andaman Islands, Flores, Timor, Celebes, Batjan, 
Philippines, Amboina, New Guinea, New Caledonia, Guam, Caroline, 
Fiji, Samoan and Hawaiian Islands. 


LINCKIA MULTIFORA (Lamarck). 

Asterias multifora LAMARCK, 1816, p. 565. 

Linekia multifora LUrKEN, 1871, p. 267. 
Specimens examined.—Three from the following localities: 
Bay of Apra, Guam. 
Tomahu Island, near Bouro Island, Molucca Islands, tide pools. 
Papatag Island, Tawi Tawi Group, Sulu Archipelago. 
1 Johannes Gistel, Naturgeschichte des Thierreichs, 1848, makes a new genus Undina 

for Linkia Nardo. Undina is preoccupied in fishes. He also makes a new genus 


Catantes for “ Linckia Agassiz.” In other words, he coins two new names for the same 
generic group. There was no necessity for these new names. 
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Distribution.—Red Sea, Mozambique, Mauritius, Sulu Archipelago, 
Celebes, Molucca Islands, Amboina, New Caledonia, Fiji, Samoa, 
Guam, Hawaiian Islands. 

Remarks—The specimen from Tomahu Island is a comet form, 
and has only a very few granules between the furrow spines. The 
subambulacral series of enlarged granules is, however, separated 
from the furrow spines by 1 or 2 series of small granules. The ex- 
ample from Papatag Island is quite small (R=26 mm.) and no 
granules have yet appeared between the furrow spinelets. This speci- 
men would be classified as LZ. ehrenbergit if the subambulacral en- 
larged granules were not well spaced from the furrow spines; in 
L. ehrenbergit they are contiguous. 

These three specimens appear to be quite distinct from a young 
L. laevigata (R=25 mm.) from station 5558. The latter has a median 
radial area free from papulae and 1 madreporic body; the 3 speci- 
mens of multifora have 2 madreporic bodies, and no median radial 
area free from papulae. 


LINCKIA GUILDINGI Gray. 
Linckia guildingit Gray, 1840, p. 285 (St. Vincent). 
Linckia pacifica Gray, 1840, p. 285 (Tahiti). 
Linckia diplaz MUrLer and TroscHeEt, 1842, p. 30. 

One specimen with R equaling 215 mm. from Jolo (shore). 

Distribution—West Indies, Bermuda, Vera Cruz, Bahia, Abrol- 
hos Reefs, Cape Verde Islands, Mauritius, Madagascar, Persian Gulf, 
Andaman Islands, East Indies, Tahiti, New Caledonia, Fiji, Tonga, 
Samoan, and Hawaiian Islands. 

Remarks.—Linckia guildingit, L. pacifica, and L. diplax have 
been separated on the basis of very variable characters, such as the 
number of madreporic bodies and length of ray. No one has been 
successful in pointing out any constant differences of importance 
between L. guildingii and L. pacifica. Much the same difficulties have 
been encountered in separating diplaw and pacifica, while guildingit 
and diplax are practically identical, even to the duplication of the 
madreporic body. 

The specimen collected by the Albatross is large, has one madre- 
poric body, and would therefore be ranked with ZL. pacifica of 
authors. 


Family GANERIIDAE Perrier. 
Genus TARACHASTER Fisher. 
Tarachaster WisHER, 1915c, p. 216. Type, 7’. tenuis Fisher. 


Diagnosis.—Rays slender, disk small; dorsolateral plates 4-lobed, 
imbricated in regular transverse and longitudinal series; plates 
of median radial region mostly 3-lobed, irregularly imbricated, 
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marginal plates actinal in position, separated from adambulacrals 
over most of ray by a single series of actinal intermediate plates, 
and on disk by small plates in transverse series; actinal interradial 
areas small; papulae single in the small interspaces between abactinal 
plates; plates convex and armed with a group of short, blunt, spine- 
lets resembling parapaxillae or pseudopaxillae, 15 to 20 to a plate; 
marginal and actinal spinulation compact; adambulacral plates small 
with slightly curved furrow margin; spines small, crowded, grading 
into actinal spinulation; proximally 5 or 6, distally 3 or 4 furrow 
spines, with 2 to 4 crowded series each of 2 or 3 subambulacral spines. 
Well-developed superambulacral ossicles; ampullae double; tube feet 
rather small, with well-developed sucking disks. 

Remarks.—It is difficult to place this genus. The presence of 
double ampullae, closely placed and regularly imbricated plates, and 
presence of superambulacral ossicles debar it from the Echinaster- 
idae. The two other available families are the Ganeriidae and Aster- 
inidae. While Zarachaster resembles Nephanthia superficially, on 
account of the radial zone of irregularly arranged plates, I think its 
relationships are more with the Ganeriidae. Superambulacral ossicles 
have not been reported in either the Ganeriidae or Asterinidae. The 
imbricated pseudopaxillae, with definite lobes, the definite but not 
particularly conspicuous marginals, the actinal intermediate plates 
in transverse columns, and the character of the adambulacral arma- 
ture are not dissimilar to these features in the Ganeriidae. The 
slender rays and very reduced actinal interradial areas are new to 
the Ganeriidae, but in the Asterinidae a parallel case is found in 
Nepanthia, where the character varies within the genus. But Zara- 
chaster does not seem to me to be closely related to any known genus 
of the Ganeriidae. The superambulacral plates remain something 
of a problem. 


TARACHASTER TENUIS Fisher. 
Plate 41, figs. 7, 7a; plate 120, fig. 4; plate 121, fig. 3; plate 126, fig. 1. 


Tarachaster tenuis F1isHer, 19138c, p. 216. 


Diagnosis —Rays 5. R=67 mm., r=12 mm., R= 5.5+r; breadth of 
ray at base 14 mm.; rays depressed, rather slender, long, bluntly 
pointed; disk small; sides of ray rounded and occupied by the abac- 
tinal plates; abactinal plates small, those on disk and along radial 
area of ray irregularly three-lobed, imbricating; dorsolateral, lateral, 
and narrow portion of ventral surface occupied by four-lobed plates 
in about 10 longitudinal series at base of ray, also forming transverse 
series; 3 series of larger plates adjacent to adambulacrals, the outer 
two being the marginals; plates covered by small, stout, upright, 
round-tipped, often clavate, close-set spinelets in groups resembling 
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low parapaxillae, 15 to 20 to a group; single papulae between the 
abactinal plates; adambulacral plates small, armature dense, upright, 
the spinelets grading from the furrow series into those of the actinal 
intermediate and marginal plates; furrow spines proximally 5 or 
6, distally 4 or 5, prismatic or four-sided, blunt or truncate, the proxi- 
mal and distal shorter than the central 3 or 4; subambulacral spines 
in 2 or 3, sometimes 4, series, with 2 or 3, or proximally 4, shorter, 
less stout spines in each series. General appearance suggestive of a 
Henricia with closely placed plates. 

Description—The center of disk and a broad radial streak is paved 
with close-set, irregularly placed plates bearing a paxilliform group 
of 15 to 20 short, cylindrical, untapered, round-tipped spinelets either 
standing erect or diverging. On either side and occupying the dorso- 
lateral, lateral, and part of actinal surface are 10 longitudinal series 
of close-set plates which also form regular transverse series, and 
each bears a roundish, flat-topped, paxilliform, group of 15 to 20 
short, equal, blunt spinelets, in every way similar to those of the 
radial areas. As noted above the plates are not arranged in quincunx, 
but in fours, four of them forming a nearly perfect square. At the 
corners of the regularly arranged plates as well as on the radial 
areas and disk are single papulae. Adjacent to the adambulacral 
plates, and actinal in position are 3 series of close-set, rather irregu- 
larly elliptical plates, abruptly larger than the dorsolaterals and 
without papulae between them. The outer 2 are the marginals and 
the inner series is actinal intermediate. The superomarginals are 
slightly the largest. 

The marginal and the actinal intermediate plates on the ray, 
usually, also form pretty definite transverse series and all are cov- 
ered closely with short, relatively thick, round-tipped spinelets a 
trifle larger than the dorsolateral spinelets. The spinelets form not 
very regular 4-sided groups—about 20 to a plate. On the disk 
several additional series of small actinal intermediate plates are in- 
terpolated so that the marginals withdraw to about the middle of r, 
and become smaller as the interradial line is approached so that it is 
difficult to distinguish them except that the superomarginals are here 
larger than the dorsolateral plates (here actinal in position). The 
latter also become smaller on this actinal interradial portion of the 
disk, and the papulae are lacking proximad of the tenth supero- 
marginal, 

Between the first superomarginal and second adambulacral of 
each ray are 6 intermediate plates. Opposite the first adambulacral 
is a short series joining a couple of unpaired plates so as to form a 
Y-shaped group. A large plate just back of the mouth plates is 
embraced by the arms of the Y. Opposite the seventh inferomar- 
ginal are 2 intermediate plates in a transverse row. Opposite the 
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sixteenth plate there is but a single plate between the inferomar- 
ginals and adambulacrals. This single longitudinal series persists 
to within about 12 mm. of the tip of ray. Between the first and 
seventh inferomarginals the number of plates in the transverse se- 
ries decreases from 6 to 2. The whole actinal interradial area 
proper is very small, as half of the actinal surface of the disk is 
occupied by “ abactinal ” plates. 

If a portion of the abactinal skeleton is denuded and cleared the 
irregular plates of the median portion of ray are seen to be mostly 
8-lobed and very strongly but irregularly imbricated. The plates 
themselves are not of uniform size and scarcely 2 are of exactly the 
same shape. The dorsolateral plates, on the contrary, are regularly 
4-lobed and the proximal longitudinally directed lobe overlies the 
corresponding distal lobe of the next plate adorad, while the trans- 
verse lobe directed toward the radial line overlaps the external lobe 
of the next plate. The dorsolateral papulae occupy singly the small 
interspaces and are consequently in regular longitudinal and trans- 
verse series. 

Adambulacral plates small, close-set, with a slightly curved fur- 
row margin. The adjacent actinal intermediate plate encroaches 
upon the surface which is usually a little longer than wide. Fur- 
row spines proximally 5, the 3 median 3-sided or quadrate in section, 
round-tipped or truncate; the proximal and distal spines are shorter ; 
usually the distal is about one-third or one-half as long as adjacent 
spine and the proximal about one-half or three-fourths. The first 
few plates usually have the spines more flattened at the end. Occa- 
sionally there are 6 spines and distally usually 5 or 4. Just back of 
the furrow spines (which stand upright) are 3 or 4 shorter spinelets 
with thicker ends, and back of these about 3 or 4 slightly smaller 
spines, which stand so near the actinal intermediate plate that it is 
difficult to determine sometimes to which plate they belong. ‘The 
plates at about the middle of ray have 3 or 4 longitudinal series of 
spines, 2 or 8 in each series. The adambulacral spines are all blunt, 
very close-set, and they grade from the furrow spine into the actinal 
intermediate spines. 

Mouth plates very small with nearly straight furrow margin bear- 
ing 5 to 7 compressed furrow spines with broad tips and edge 
to furrow, heavier than the adambulacral spines, and increasing 
slightly in length toward the inner angle. Behind these on each 
plate is a row of 4 or 5 smaller subambulacral spines which occupy 
about all of the remaining surface of the plate. 

Madreporic body small, surrounded by 6 plates of which 1 on 
the adcentral side is largest, and situated slightly adcentral to the 
middle of r. 
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Superambulacral plates present. These are attached to the lower 
end of the ambulacral ossicles and the upper end is subtruncate and 
often broader than the lower, which is more or less rounded. 

Type—Cat. No. 32642, U.S.N.M. 

Lype-locality —Station 5548, off Point Tagolo, northern Minda- 
nao, 162 fathoms, sand; bottom temperature, 54.5° F. 

Distribution Known only from the type-locality. 


Family METRODIRIDAE Fisher. 


Meirodirinae SLADEN, 1889, p. 415. 
Metrodiridae FisHrErR, 1917d, p. 171. 

Diagnosis —Whole skeleton overlaid by a rather thin skin par- 
tially obscuring the outlines of the plates; rays slender; abactinal 
plates tessellate, partly imbricated, with small spines; marginal 
plates large, forming side wall of ray, there being 1 or more series 
of intermarginal plates on the proximal part of ray; actinal inter- 
mediate plates reduced to one, between mouth plates and infero- 
marginals; papulae isolated, strictly abactinal; tube feet with suck- 
ing disk devoid of calcareous deposits; ampullae single; interbra- 
chial septa rudimentary, practically absent. 


Genus METRODIRA Gray. 


Metrodira Gray, 1840, p. 282. Type, Metrodira subulata Gray. 
Scaphaster DE LorioL, 1899, p. 27, pl. 3, fig. 1. Type, Scaphaster humberti 
DE LOoRIOL. 

This puzzling genus was placed in the Linckiidae by Sladen (1889, 
p. 415), and other authors have followed his lead. 

It shows an outward resemblance to the Asteropidae, however, 
barring the single fact of the very slender rays. De Loriol (1899, 
p. 27) described a very young example as a new genus which he 
placed in the Gymnasteridae (=Asteropidae) near Asteropsis 
(=Petricia). 

Sladen stated that “its external facies and general structure ap- 
pear to indicate an intermediate position between the Linckiidae 
and Echinasteridae.” 

Unfortunately the specimens at my disposal are small. The char- 
acters which would lead one to place this genus in the Asteropidae 
(restricted to Asterope and Petricia) are us follows: 

The thin skin which covers the plates and spines; the conspicuous 
marginals not unlike those of Petricia; the loosely tessellate abac- 
tinal skeleton, bearing skin-covered spinelets. The characters which 
are adverse, so to speak, are: The conspicuous series of intermargina] 
plates, the absence of actinal intermediate plates, except a single 
plate back of the mouth plates; the rudimentary interbrachial sep- 
tum without a calcareous pillar (perhaps, however, due to small size 
of disk) ; the single ampulla to each tube foot. 

13434—Bull. 100—19 
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The features which seem to ally Metrodira to the Kchinasteridae 
are: The single ampullae, spinose abactinal plates, and the adambu- 
lacral armature. The intermarginal plates and the very reduced ac- 
tinal intermediate areas are quite consistent with this family, but 
the very conspicuous marginal plates are not. The interbrachial 
septa are very rudimentary, practically absent, although it is not 
possible in the small specimens at my disposal to be certain of this 
point. 

Beyond a certain similarity due to the outward form, particularly 
to the slender rays, the Linckiidae have little claim to this genus. 

The presence of intermarginal plates and of single ampullae, and 
the absence of actinal intermediate plates and of interbrachial septa 
with calcified pillar will debar Metrodira from the Asteropidae, 
Ganeriidae, and Poraniidae, while additional differences in the abac- 
tinal skeleton make the last two families unsuitable homes. 

Even the Echinasteridae appear to be incompatible. The abactinal 
plates of Metrodira are tessellated, not at all reticulate, while the 
marginal plates are large, compact, and form a vertical side to the 
ray. The interbrachial septa are almost lacking. 

It seems better to place this genus in a separate family rather than 
to enlarge the Echinasteridae and in a measure spoil its homogeneity. 
The case of Metrodira is much like that of Acanthaster, Mithrodia, 
and Valvaster, which have at one time or another been in the Echi- 


nasteridae. 
METRODIRA SUBULATA Gray. 


Metrodira subulata Gray, 1840, p. 282.—Prrrier, 1875, p. 180 —KorEHLER, 
1910a, p. 172, pl. 4, figs. 1 and 2; pl. 18, fig. 9; 1910b, p. 284, pl. 15, 
fig. 3; pl: 17, fig.3; 4, 5: 

Scaphaster humberti pe Loriox, 1899, p. 27, pl. 3, fig. 1. 

Doctor Koehler? has given a detailed description and figures 
of this species. The Philippine examples, the larger measuring 
R, 25 mm., and r, 4 mm., are less spiny abactinally. The proximal 
plates of the intermarginal series are nearly as large as the adjacent 
inferomarginals, and there is usually an odd interradial intermargi- 
nal plate, but not an odd supero- or inferomarginal. The intermar- 
ginals extend about half the length of ray. 

Type-locality—Migupou (probably a Philippine locality). 

Distribution —Macclesfield Bank; Philippine Islands; Torres 
Strait; Aru; Amboina; northwest of Australia; northeast Australia ; 
George Sound, New Zealand; Bay of Bengal; Ceylon. 

Specimens ecamined.—Two from the following stations: 

Station 5431, off Corandagos Island, eastern Palawan, 51 fathoms, 
sand. 

Station 5482, same locality, depth, and bottom. 


1 Abhandl. Senckenberg. Naturf. Gescel., vol. 33, 1910, p. 284. 
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Family PORANIIDAE Perrier. 


Poraniidae Perrier, 1894, pp. 163, 227.—VeErrRILt, 1915, p. 68. . 
Asteropidae (part) FisHer, 1908, p. 90; 1911d, p. 247.—VeERrRILL (part) 
1914a, p. 304. 

The family Asteropidae is restricted to Asterope and Petricia (As- 
teropsis), while the Poraniidae, which appears to be allied to 
the Asterinidae, includes the old genera Dermasterias, Porania, Tylas- 
ter, Marginaster, and Poraniomorpha’ (including Rhegaster and 
Lasiasier) as well as the more recently defined genera: Chondraster? 
Verrill, Culcitopsis? Verrill, Poranisca? Verrill, Poraniella? Verrill. 


Genus MARGINASTER Perrier. 
shor gine ster PerrRiER, 1881, p. 16. Type, M. pectinatus. 
MARGINASTER PAUCISPINUS Fisher. 
Piate 131, figs. 2, 2a. 
Marginaster paucispinus FIsHER, 1918c, p. 216. 

Diagnosis—Differing from M. capreensis (Gasco) [If. fimbriatus 
Sladen] in having no actinal intermediate and very few abactinal 
spinelets, broader marginal plates with slightly longer spines, more 
distinct lobes to the carinal plates, and 2 narrowly spatulate, webbed, 
subambulacral spinelets in a longitudinal series near the furrow 
margin; furrow spines 2 on the first 2 plates, then 1. R=11 mm., 
r=8 mm., general form arcuate pentagonal; whole body overlaid by 
skin; a few carinal, apical, and superomarginal spinelets, all incon- 
spicuous; a conspicuous marginal fringe of webbed, flattened, nar- 
rowly spatulate spines; plates not superficially visible. 

Description—Abactinal plates obscured by the skin, which is 
smooth. Spinelets few. There is present a carinal series of short, 
clavate spinelets, about twice as long as broad, and few in number. 
Near center of disk these outline a rude star, and within this are a 
few small scattered almost granuliform spinelets. On either side of 
the ray there are a very few small spinelets. 

The abactinal skeleton is revealed by immersion in weak caustic 
potash solution. In the arrangement of plates it is very similar to 


that of If. capreensis, figured by Ludwig (1897, pl. 7, figs. 13 to 23), 
but the plates themselves are slightly different in form. The skeleton 


1 Professor Verrill is in error in regarding Rhegaster as the oldest name for this group. 
Poraniomorpha dates from 1881 (Danielssen and Koren, Nyt. Mag. for Naturvidenska- 
berne, vol. 26, p. 189; type, P. rosea). Rhegaster Sladen was described in 1885 (Trans. 
Roy. Soe. Edin., vol. 82, p. 155: type, Solaster tumidus Stuxberg). Lasiaster Sladen dates 
from the Ohallenger Asteroidea (1889, p. 371, type L. villosus). See Verrill, 1914b, 
Dak. 

*For these genera, see Verrill, 1914b, pp. 17-21, and 1915, pp. 68-80. Chondraster 
was described originally as a subgenus of Porania (Amer. Journ. Sci., vol. 49, p. 137, 
type Porania grandis). The type of Porania, s. s., is P. puvilla (O. F. Miller). 
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is open, leaving large meshes or interspaces and is of the reticulate 
type. The center of disk is occupied by plates forming a conven- 
tional star, the tips of whose rays are the primary radial plates; the 
interradii are large five-lobed primary basal plates. The side of the 
rays of this star is formed by a long slender ossicle. Within the 
star is a pentagon of plates inclosing the central plate, which is at- 
tached to the pentagon by short connectives, and the corners of the 
pentagon are the basal plates. The carinal series consists of about 7 
plates, the primary radial being elongate cordiform, the others prom- 
inently four-lobed, except the last 2 or 3, which are irregular. These 
imbricate so that a lobe extends laterally on either side. In contact 
with the prominent inferomarginals, which form a flange to the edge 
of ray, is a series of three-lobed superomarginal plates, which are 
connected with the lateral processes of the carinals by 1 or 2 (second 
and third carinals) slender ossicles. There are 7 superomarginals, 
and 5 of the transverse trabeculae, the last 2 superomarginals touch- 
ing the reduced carinals (or sometimes the last lateral has no carinal 
opposite). Two slender ossicles end to end extend from the first 
superomarginal to the basal plate, close to the companion of the ad- 
jacent ray, so that the inner ossicles of each series touch along their 
whole length. These clasp the small madreporic body, which is on 
the outer lobe of a basal plate (Ludwig’s JR1). 

The inferomarginals, 7 in number, are much broader than long, 
flat, slightly spaced, with a curved border bearing, 4 or 5 webbed, flat- 
tened narrowly spatulate spines as long as the base line of comb, the 
whole forming a flangelike ambitus. The outer end of the plate is 
slightly broader than the inner and the transverse margins are 
slightly concave. Parallel with the marginal series of spines and 
close to them on the upper surface of the plate is a series of 3 or 4 
very small spinelets scarcely visible until specimen is treated with 
caustic potash. 

Papular areas in 2 series on each ray, the outer being “intermargi- 
nal.” The largest area is the proximal adradial, which has 8 or 9 
papulae, while the others have 2, 3, or distally 1 papula. The larger 
areas have several white grains scattered in the integument. 

The actinal intermediate plates are in general similar to Ludwig’s 
figure 23. A series of oblong plates, one interradial, is adjacent to 
the inferomarginals. These are the largest intermediate plates. The 
largest, interradial in position, is scalloped on the inner border and 
constricted in the middle. The other 4 plates of each ray alternate 
with the inferomarginals and the outer end underlies the inner end 
of the marginals; moreover the plates are distinctly spaced. The 
other actinal intermediate plates are in transverse columns. Three 
columns start from the interradial and, by branching variably, have 
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3 or 4 branches touching the proximal 4 or 5 adambulacrals of each 
ray. From the second inferomarginal there are usually 2 short col- 
umns of 2 plates each, while the third and rudimentary fourth infero- 
marginals touch the adambulacrals. Conspicuous spaces exist be- 
tween the columns of plates, the plates themselves being compara- 
tively large and elongate cordiform or elongate ovate in form. 

Adambulacral plates small, wider than long, and obliquely ori- 
ented. The first 2 plates have 2 small, blunt, slightly tapering fur- 
row spinelets; the subsequent plates 1. Near the furrow margin in 
a longitudinal series are 2 webbed, narrow-spatulate truncate spine- 
lets about as long as width of plate, and 1.5 the length of the fur- 
row spinelets which they generally obscure by bending over furrow. 

Mouth plates narrow with 4 furrow and 2 suboral spinelets similar 
to those of the adambulacral plates except that the inner furrow 
spine is larger. 

Type—Cat. No. 32641 U.S.N.M. 

Ty pe-locality State 5310, China Sea, vicinity of Hongkong (lat. 
91° 31’ N.; long. 116° 13’ E.), 100 fathoms, sand, shells; 1 specimen. 

Distribution —Known only from type-locality. 

Remarks.—This species resembes 1. capreensis (Gasco) which 
Ludwig considers the same as the subsequenty described VW. fimbria- 
tus Sladen. In J. paucispinus there are few abactinal and no actinal 
intermediate spinelets, while in capreensis the former are abundant, 
and Sladen’s figure (1889, pl. 58, fig. 5) shows a few actinal spinelets. 
The carinal plates of M/. paucispinus have more prominent lobes than 
are figured by Ludwig, and the inferomarginal plates are much 
wider than long while the marginal spines are longer. In MV. capreen- 
sis the 2 subambulacral spines are tapering, cylindrical and form a 
transverse series, while in paucispinus they are spatulate, flattened, 
and in a longitudinal series. In J/. pectinatus Perrier, 1. echinula- 
tus Perrier, and 4/. pentagonus Perrier the subambulacrals are either 
in. a transverse or an oblique series. The first has 1 furrow and 1 or 2 
subambulacral spines; the second, 3 to 5 furrow and 2 or 3 subam- 
bulacral spines; the third, 1 furrow and 2 or 3 subambulacral in the 
same transverse series. J/. paucispinus alone, therefore has the sub- 
ambulacral spines in a longitudinal series. 


Family ASTERINIDAE Gray, emended. 
Genus ASTERINA Nardo. 
Asterinad NAarpo, Oken’s Isis, 1884, p. 716. Type, A. minuta Nardo=A. gib- 
bosa (Perrier) —VeERRILL, 1913, 477-485. 


Professor Verrill has divided the old genus Asterina into the fol- 
lowing genera: 

Asterina; type, A. gibbosa,; included species: A. trochiscus (Ret- 
zlus). 
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Asterinides Verrill; type, A. foliwm (Liitken) ; included species: 
A. cepheus (Miiller and Troschel), A. wega (Perrier), A. minuta 
(Linnaeus), A. modesta Verrill. 

Patiria Gray, 1840; type, P. coccinea (Gray) ; included species: P. 
miniata (Brandt), P. chilensis (Liitken), P. gayi (Perrier), P. gran- 
ulosa (Perrier), P. pectinifera (Miiller and Troschel), P. granifera 
(Gray), P. novae-zelandiae (Perrier). 

Patiriella Verrill; type P. regularis (Verrill) ; included species: 
P. exigua (Lamarck), P. calear (Lamarck), P. fimbriata (Perrier), 
P. squamata (Perrier), P. calcarata (Perrier), P. pusilla (Perrier), 
P. gunnii (Gray). 

Asterinopsis Verrill; type, A. penicillaris (Lamarck) ; included 
species: A. pilosa (Perrier), A. dymani (Perrier). 

Enoplopatiria Verrill; type, #. marginata (Hupé)=A. stellifera 
(Mobius) =A. braziliensis (Liitken) =A. minuta (Miiller and Tro- 
schel, not Linnaeus). 

T have examined one or more representatives of these groups. Pro- 
fessor Verrill in his synopsis (p. 479) relies upon the absence of 
pedicellariae to distinguish Asterinides from Asterina and Patiria 
from F’noplopatiria. 

I do not think that the pedicellariae form a reliable generic char- 
acter in this family. They are absent in Asterina coronata cristata 
and present in Asterina coronata euerces. Relying upon the abactinal 
skeleton and spines I find it very difficult to separate Asterinides from 
Asterina. The ventral genital pores of Asterina gibbosa, if re- 
stricted to that species, are certainly an important character, but in 
practice it is often very difficult or impossible to find them. Asterina, 
as used in this paper would include, therefore, Professor Verrill’s 
Asterinides, and similarly I would unite Patiria and Enoplopatiria. 
Following Professor Verrill’s table somewhat, the genera as herein 
used are contrasted as follows: 

@. Abactinal plates of papular areas all of one kind, the exposed part usually 
roundish, elliptical, cordate, or shield-shaped, wholly or partly spinulose. 
Two-bladed pedicellariae present or absent-_----------------_~ Asterina. 

a, Abactinal plates of papular areas of 2 or more diverse kinds, the larger 
proximally arched or crescentic, and notched for passage of papulae; be- 
tween these are groups of small ovate or pyriform ossicles inserted end- 
wise, mostly bearing small roundish clusters of spinules. 

b+. Actinal intermediate plates each with a fan-shaped group of 2 to 8 spines, 

usually webbed. Pedicellariae present or absent_-_-___-_-__-_~ Patiria. 

b*?. Actinal intermediate plates each with 1 or sometimes 2 spines; fewer 

secondary abactinal ossicles than in Patiria; no pedicellariae__Patiriella. 

b*. Actinal intermediate plates each with a fascicle of slender spines; pedi- 

cellariae; absent: or spresent= 2.52 eb Sepa ee ee Asterinopsis. 
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ASTERINA CEPHEUS (Miiller and Troschel). 
Plate 115, fig. 4. 


Asterina burtonii? Gray, 1840, p. 289. 

Asteriscus cepheus MULLER and TROSCHEL, 1842, p. 41. 

Asterina cepheus voN Martens, 1866, p. 85.—Dr Lortor, 1885, p. 69, pl. 21, 
figs. 1 to 5. 

Notes on Philippine specimens.—The largest specimen has the fol- 
lowing dimensions: R=20 mm., r=8 mm., R=2.5 r. The spinelets 
are all rather longer than in de Loriol’s figure. 

Type-locality— Batavia. 

Distribution—Red Sea, Indian Ocean (Zanzibar in the south, 
Nicobar Islands, Ceylon, Mergui at the north), Java, Philippines, 
Torres Strait, Australia, New Guinea, New Caledonia. 

Specimens examined.—F ive: 

Tataan Pass, Simulac Island, coral reef; 2 specimens. Maricaban 
Island, off Batangas Bay, Luzon, shore; 3 specimens. 

Remarks.—The type of Asterina burtonii has been lost, according 
to Professor Bell. Although the name probably refers to this 
species, in the absence of an authentic specimen Gray’s description is 
quite insufficient. It seems better to retain the well-known name so 
long as a reasonable doubt exists as to the identity of burtoniz. 


ASTERINA CORONATA CRISTATA Fisher. 


Plate 115, fig. 3; plate 181, figs. 4 4a. 


Asterina cristata FISHER, 19160, p. 27. 
Asterina coronata cristata FISHER, 1918, p. 111. 


Diagnosis.—Related to A. cepheus, but with a variable number 
(30-55 to a ray) of the abactinal plates elevated and tubercular in 
form, and surmounted by 1 to 5 unequal, robust, pointed spines, the 
largest 4 or 5 times as long as the spinelets of the other plates, and 
many times greater in diameter; the other abactinal plates with 5 to 
10 short, sharp spinelets in spaced groups situated usually on the 
adcentral border; these spinelets are tapering, slender, 3 or 4 times 
as long as the width of their base, and in each group are placed with 
the bases touching, the spinelets themselves radiating apart. In cen- 
ter of disk a poorly defined pentagon of elevated plates. At base of 
ray are 6 regular series of papulae on either side of a radial area of 
irregularly arranged pores, the two areas corresponding to regions 
of regularly and irregularly arranged plates. The plates of the 
regular lateral series (of which there are 10 at the base of ray) are 
arranged in quincunx and those of the papular areas are hollowed 
out or excavated on the mesial border for the papula which is over- 





1 Bell, 1884, p. 181; Perrier, 1875, p. 316 (unable to find type). 


412 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 


hung and evidently protected by the group of spinelets. In the 
radial area the slight hollow is on the adcentral border. Inferomar- 
ginal plates with a conspicuous tapered spine surrounded by smaller 
spinelets. Actinal intermediate plates with a group (not a comb) 
of 2 to 4, mostly 3, basally webbed spinelets. Furrow spines usually 
6, webbed for about half their length, the 3 or 4 median conspicuously 
larger than the laterals; subambulacral spines usually 4, the 2 median 
much longer than the laterals (in the cotype there are 5 or 6, of which 
2 are enlarged). Oral spines 5, webbed, the 2 innermost conspicu- 
ously enlarged; suboral spines 3 to 5, upright, webbed, 2 of them of 
predominant size. Rays 5, rather narrow, longer than usual, and 
with a rounded extremity. R=37 mm., r=14.5 mm., R=2.5 r; 
breadth of ray at base, 15 mm. 

Type—No. 689, Museum of Comparative Zodlogy, Cambridge, 
Massachusetts. 

Ty pe-locality.—Ponape, Caroline Islands. 

Distribution.—Caroline Islands. 

Remarks —The number of protuberances probably varies somewhat 
with age and local conditions. In the cotype, which has R, 25 mm., 
they are fewer. 

In the Archiv fiir Naturgeschichte (vol. 32, 1866, p. 73). von 
Martens describes Asterina coronata from Batjan, Molucca Islands, 
and from Larentuka, Flores Island, and records its occurrence at 
Amboina. His description states that the relation of the minor to 
the major radius is as 1 to 2 or 24, that the abactinal plates are 
so arranged that the dorsal surface has a honeycombed appearance, 
the plates bearing 5 or more spinelets, and that scattered over the 
dorsal surface are groups of 2 to 4 heavy spinelets with a common 
base, such groups being found on the sides and radial regions of 
the ray, but not close to the border. On the disk these special spine- 
lets outline an irregular pentagon. 

The elevated specialized abactinal plates of cristata, with their 
tuft of enlarged spines, I take to be the same as von Martens’s 
“ Biischel von 2-4 starken Stacheln mit gemeinsamer Basis,” which 
he says, “stehen auf den Armen ziemlich zerstreut, sowohl auf 
dem Riicken als an den Seiten, aber nie ganz nahe am Rande.” 
Thus the chief character of the two species is the same. As Dr. 
H. L. Clark has suggested in a letter, the two species are probably 
the same, although there exist certain discrepancies. Von Martens 
does not mention subambulacral spines, but states that the furrow- 
spines are “in einer Reihe, 4 oder 5 fast gleich Grosse auf jeder 
Platte,” and that the actinal intermediate plates have 2 relatively 
long sharp spines. The type of Asterina cristata has 2 to 4, mostly 
8, actinal intermediate spinelets, usually 6 furrow-spinelets webbed 
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for about half their length, the 3 or 4 median conspicuously longer 
than the laterals, and usually 4 subambulacral spinelets, of which 
the 2 median are much longer than the laterals. I think it is pos- 
sible that von Martens overlooked the small lateral furrow-spinelets, 
although not likely; but certainly in no specimens seen by me are 
the furrow-spinelets ever subequal. 

The case is somewhat complicated by 2 specimens of a race of 
coronata which I saw some years ago in the British Museum. One 
was contained in a box with Nepanthia maculata, labeled “ Mig- 
upou, 7 to 12 fathoms, fine sand coral—Cuming.” ‘The other was 
labeled “ Port Essington, Australia.” In the first specimen there 
are 20 or 25 of the prominent plates to each fifth of the body. The 
actinal intermediate plates have, in the neighborhood of the furrow, 
about 5 or 6 spines in a rude circle, one spine being longer than 
the others; near the ambitus there are 3 spinelets, with often 1 or 
2 standing mesad from the principal comb. The furrow-spinelets 
are 5 or 6 webbed, the laterals shorter than the mesial spinelets; 
the subambulacral spinelets are 4+ or 5, shorter and stouter than 
the furrow-spinelets, and also graduated in size, the mesial spine- 
lets being longest. I made no notes on the Australian specimen, but 
my impression is that it does not materially differ from the other.t 

Thus the actinal intermediate spinelets are more numerous than 
in the types of coronata and cristata, while the adambulacral arma- 
ture is about the same as that of cristata. The prominent abactinal 
plates are fewer than in cristata, and more like the condition in 
Japanese specimens. 

Dr. Seitaro Goto, in his work on Japanese Asteroidea, carefully 
figures and describes a species from the southern parts of Kyushu 
and adjacent islands which he calls Asterina novae-zelandiae, Per- 
rier, but which I believe is a form of coronata, as it possesses the 
prominent abactinal plates so characteristic of coronata. Thus 
there are records from southern Japan to northern Australia. 

As a beginning towards straightening the tangle of apparent 
races, I would suggest the subjoined scheme. Any further evidence 
for or against it or in any way bearing upon the status of Asterina 
coronata, will be most welcome: 





a*. Abactinal spiniform pedicellariae present; 2 adambulacral furrow spine- 
lets; 8 or 9 marginal mouth spinelets; 12 to 14 enlarged abactinal 
WT Sia de 3) Asterina coronata euerces (Fisher). (Palawan.) 

a*. No spiniform pedicellariae present; furrow spinelets 4 to 6; marginal 
mouth spinelets 5 or 6. 


1For the privilege of examining these and many other specimens of Asteroidea in the 
British Museum (Natural History) I am indebted to Prof. F. Jeffrey Bell. 
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b+. Actinal intermediate spinelets usually more than 3; near the furrow 5 
or 6, forming a circle or group (not a tsraight comb) ; furrow spinelets 
5 or 6; 20 to 25 prominent abactinal plates to each fifth of body, 
Asterina coronata fascicularis Fisher * (Migupou; Port Essington?) 
b?. Actinal intermediate spinelets 2 or 8, but not often 4. 

e*, Furrow spinelets 4 or 5; actinal intermediate spinelets usually 2; promi- 
nent abactinal plates moderate in number (up to 25 to each fifth of 
body) and with as many as 25 spinelets to a plate.” 

Asterina coronata coronata, von Martens. (Southern Japan, Batjan, 
Larentuka.) 

c*. Furrow spinelets 6; actinal intermediate spinelets usually 3 (2 to 4); 
prominent abactinal plates numerous (more than 30 and as many as 
50 to each fifth of body) and with not more than 15 spinelets to a 
plate, frequently 10 or less, 

Asterina coronata cristata (Fisher). (Caroline Islands.) 


Prof. A. E. Verrill in his Revision of the Genera of Starfishes 
of the Subfamily Asterininae (1913, pp. 479, 480) gives primary im- 
portance to abactinal pedicellariae in distinguishing two of his new 
generic groups. The presence of pedicellariae abundantly in the 
Palawan race and their absence in Japanese and Caroline Island 
specimens show the character to be unreliable for generic dis- 
tinctions. Of course, I recall that in the case of Asterina Professor 
Verrill has pointed out that the type, A. gibbosa, has the gonoducts 
opening just back of the mouth plates. If this character is confined 
to the restricted Asterina it will furnish a very important additional 


feature. 
ASTERINA CORONATA EUERCES Fisher. 


Plate 115, figs. 1, 2; plate 116, figs. 1, 2; plate 131, figs. 5, 5a. 


Asterina cristata euerces F1isHER 1917), p. 91. 
Asterina coronata euerces FIsHER, 1918, p. 110. 

Diagnosis.—Very close to typical A. coronata cristata but differing 
in having abactinal, spiniform pedicellariae, only 12 to 14 swollen 
abactinal plates to a ray, 8 furrow spines, and 8 or 9 marginal mouth 
spines. R=20 mm., r=9 mm., R=2.2 r; breadth of ray at base, 10 
mm. 

"1 Fisher, 1918, D. 110. This new race is certainly different as regards the actinal inter- 
mediate armature. Von Martens states that there are two spinelets in coronata. Of 
course, specimens may prove to be variable. 

Mr. Alvin Seale, of the Museum of Comparative Zoology, who has lived many years in 
the Philippine Islands, tells me he has sailed past a fairly well-known Migupou Point; 
but I have not been able to locate it, with available maps, on Mindanao or on Luzon. Mr. 
Seale does not recall upon which of the two islands the point is found. It is quite pos- 
sible that this is the locality from which so many of Gray’s types were derived. 

2 So far as true coronata is concerned, the remarks concerning the number of prominent 
plates and the number of spinelets on these plates are conjectural. These observations 
refer to the Japanese form, described and figured by Dr. S. Goto (‘‘A Descriptive Mono- 
graph of Japanese Asteroidea,” 1914, p. 650, pl. 19, figs 279-281), which may, of course, 
be quite distinct from typical coronata of the Molucean region. There are indications 
that a second race of this species. apparently distinct from cristata, is found in Japanese 
waters. In the Museum of Comparative Zoélogy is a specimen labeled as from Japan 
with only about 5 prominent abactinal plates to the ray, 6 furrow spines, 5 to 7 subambu- 
lacral spines (2 enlarged), and 3 to 5 actinal intermediate spines. The spinelets of the 
ordinary abactinal plates are shorter than in either cristata or euerces. It would seem 
to fit in near fascicularis. 
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Description.—Abactinal plates tilted obliquely as in the typical 
form so that the papular pore is at the bottom of a funnel-shaped 
depression, somewhat overhung on the abcentral side by a crescentic 
group of upward of 15 or 16 slender, tapering, sharp spinelets 3 to 
5 times as long as their width at base. Plates arranged as in typical 
form, but with a well-developed pentagon of elevated plates in the 
center of disk, inclosing an apical area containing about 28 small 
plates having each 1 to 10 spinelets. On each median radial area 
12 to 14 plates in an irregular double series (or scattered) are much 
higher and more prominent than the others, and bear a conspicuous 
tuft of spinelets, which increase rapidly in length toward the mid- 
dle of the plate where there are 3 to 5 tapering sharp spines much 
larger than the others. The spinelets of the other plates are in more 
or less crescentic groups on the radial regions at base of ray, and 
on disk outside of the apical area, but only a part of them are 
so formed on the distal portion of ray. On the lateral areas of ray 
where the plates are arranged in regular series the groups are fascic- 
ulate, and are not crescentic except sometimes on the innermost of 
the regular series. 

Numerous plates bear, on the concave side adjacent to a papular 
pore, a simple pedicellaria consisting of 2 to 4 sharp spinelets slightly 
stouter than the rest. These resemble somewhat the fasciculate 
pedicellariae of Pectinaster. Papular pores in about 4 regular series 
on either side of the median radial area; over the latter they are, 
at least proximally, arranged in quincunx but not very regularly; 
about 5 pores can be counted across it at base of ray. 

Inferomarginal plates rather prominent, forming a narrow flange, 
the outer end of the plates bearing a double or a triple series of 
spinelets, or a tuft, the central being much the largest. The plates 
are relatively more prominent than in A. cepheus. 

Actinal intermediate plates in 7 chevrons; 2 longitudinal series 
practically reach the tip of ray, while a third very nearly reaches it; 
a fourth extends two-thirds the length, measured along side, and a 
fifth about one-third. The plates bear 3 to 5 spines, webbed for 
about half their length. When there are more than 8 they form a 
fascicular group; when 3 are present they form a single series. 

Furrow spines slender, scarcely tapered, 8 or occasionally 9, united 
by membrane nearly to the tip, and forming a scoop-shaped fan. 
The 5 central spines are of nearly equal length, and 1 aboral is only 
about half as long, while 2 adoral spines are successively two-thirds 
and one-third the length of the central spines. Subambulacral spines 
6, united by membrane, the median 2 or 3 tapering, pointed, much 
heavier than the laterals, and much stouter than the furrow spines 
and adjacent actinal intermediate spines. When expanded these 
spines form also a scoop-shaped or concave fan lying over the fur- 


416 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 


row series. 
group. 
Mouth plates with a marginal series of 8 or 9 spines, increasing 
very gradually in size toward the innermost, and all united by mem- 
brane. On the outer part of the plate is a suboral fan of 5 or 6 
spines on a slight eminence. These stand parallel to the margin ad- 
jacent to first adambulacral, and the inner end of the series bends 
inward toward the median suture, sometimes inclosing a single spine. 
Madreporic body situated just external to the ring of raised apical 
plates and with 2 spines on the convex irregularly pitted surface. 
Type.—Cat. No. 37036, U.S.N.M. | 
Type-locality—Ulugan Bay (near mouth of Baheli River) 
Palawan Island, 2 to 5 feet, mud, sand, seaweeds. 
Distribution—Known only from the type-locality. 
Remarks—The following differences are observable between 
Asterina coronata cristata and A. coronata eurces. 


Usually, however, they are bent upward and form a 


Asterina coronata cristata. 


Nonprominent abactinal plates with 
usually only 5 to 10 spinelets on the 
radial region of ray. 

No abactinal pedicellariae. 


Actinal plates adjacent to adambu- 
lacral plates with 2, 3, or 4 spinelets 
(regularly 4 on cotype, which has R, 
25 mm.) 

Furrow spines usually 6, sometimes 7. 

Subambulacral spines 4, the 2 me- 
dian much enlarged (in the cotype 5 
or 6, the 2 median enlarged). 

Marginal mouth spines 5. 


Asterina coronata eurces. 


Nonprominent abactinal plates with 
usually 10 to 15 spinelets on the radial 
region of ray. 

Numerous abactinal spiniform pedi- 
cellariae. 

Actinal plates adjacent to adambu- 
lacral plates with 4, 5, or 6 spinelets— 
usually 5. 


Furrow spines 8, sometimes 9. 

Subambulacral spines 6, the 2 me- 
dian not so much enlarged as in 
cristata. 

Marginal mouth spines 8 or 9. 


Genus PATIRIELLA Verrill. 


Patiriella VERRILL, 1918, pp. 480, 488. Type, Asterina regularis Verrill. 


PATIRIELLA EXIGUA (Lamarck). 
Plate 109, figs. 3, 4. 


Asterias exigua LAMARCK, 1816, p. 554. 
Asterina exigua Perrier, 1875, p. 302.—KorHLER, 1910a, p. 129, pl. 9, figs. 6 
and 7. 

Notes on Philippine specimens.—The largest example has the fol- _ 
lowing dimensions: R=20 mm., r=14 mm. There are a consider- 
able number of six-rayed specimens, and a very few four-rayed. 
The papulae are restricted to the disk and a rather broad petaloid 
area on the radii comprising about a dozen longitudinal series. On 
the interradial line the papulae extend a little more than one-half r 
toward the margin. Outside the papular area the plates carry 7 to 10 
relatively coarse, thimble-shaped granules in a group. On the papu- 
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lar areas the granules are also few, slightly spaced, and about 7 to 
12 in number. Adambulacral spines: Two on edge of furrow (3 
may occur on first few plates) and 1 much coarser subambulacral 
spine. Between the base of latter and first row of actinal inter- 
mediate spines is a conspicuous naked space. Actinal intermediate 
spines 1 to a plate, and lacking on a small area back of the mouth 
plates. 

Ly pe-locality —Unknown. 

Distribution—Cape of Good Hope, Madagascar, Mauritius, 
Andaman, and Nicobar Islands, Java, Moluccas, Philippines, south 
and east Australia. 

Specimens examimed.—One hundred and one: 

Maricaban Island, off Batangas Bay, Luzon, shore; 55 specimens. 

Port Binanga, Subic Bay, Luzon; 14 specimens. 

Besoga, Luzon; 4 specimens. 

Jamelo Bay, Luzon; 1 specimen. 

Mantaquin Bay, eastern Palawan, sand; 5 specimens. 

Panbutan Bay, western Mindanao, reef; 1 specimen. 

Little Santa Cruz Island, Zamboanga, Mindanao; 1 specimen. 

Babuan Island, Jolo, coral reef; 8 specimens. 

Pangasinan Island, Jolo; 1 specimen. 

Tataan, Tawi Tawi Group, Sulu Archipelago, shore; 1 specimen. 

Sandakan, Borneo, beach; 7 specimens. 

No label, 8 specimens. 


Genus ASTERINOPSIS Verrill. 
Asterinopsis VERRILL, 1913, p. 480. Type, Asterina penicillaris (Lamarck). 
The following species is by no means typical. There are very few 


secondary abactinal ossicles and there are small abactinal spiniform 
pedicellariae. It is apparently related to Paranepanthia. 


ASTERINOPSIS PEDICELLARIS (Fisher). 
Plate 114, figs. 2, 3; plate 121, fig. 1; plate 132, figs. 2, 2a. 
Nepanthia pedicellaris FisHER, 19138e, p. 217. 


Diagnosis.—Rays 6; R= 22 mm.,r=8 mm., R= 2.75 r; breadth 
of ray at base, 7 or 8 mm.; abactinal surface arched, actinal surface 
plane; rays tapering, bluntly pointed; radial area of crescentic plates 
proportionately very broad and not clearly marked off from’ the 
lateral areas which at base of ray are only about 5 plates broad, these 
being subcircular pseudopaxillae; larger crescent plates bearing 
35 to 45 minute, sharp spinelets, and sometimes a simple pedicellaria 
composed of 2 spinelets stouter than the others, furrow spines 6 or 7 
webbed, the adoral much the smaller; subambulacral spines webbed, 
8 to 12; proximal actinal intermediate plates with 7 to 9 slender, 
webbed spines. 
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Description—Abactinal plates crescentic, those of disk not reg- 
ularly arranged; along median radial regio: 1 is an area 6 or 7 plates 
wide where the plates are arranged in quincunx with sometimes a 
small roundish plate in the concavity of the crescent; then on either 
side are regular longitudinal series of plates, about 10 at the base 
of ray and 3 to 5 at the tip, which meet the superomarginal series 
obliquely. Near the margin, forming an urea 5 plates wide at base 
of ray, the plates are in transverse series (between the outermost 
oblique longitudinal series of crescentric plates and the ambitus), 
are elliptic or quadrate in form, have no papulae between them, and 
bear subcircular groups of radiating spinelets. The crescentic plates 
bear 35 to 45 very delicate sharp spinelets and have a papula on the 
concave side. 

There is no lateral flange. The superomarginal plates are clearly 
distinguishable and are about the same size as the small adjacent 
abactinal plates, while the inferomarginals are considerably larger, 
are set obliquely, and bear an elliptical group of numerous fine spine- 
lets. 

On either side of the interradial line 9 actinal intermediate plates 
ean be counted between the adambulacral plates and margin. The 
series opposite the first and second adambulacrals do not reach the 
margin, while the third is complete. The plates also form longitu- 
dinal series, 4 extending to the middle of ray, but only 1 attaining 
the tip. The proximal plates bear 7 to 9 slender, slightly tapering, 
pointed spines united for half their width ty membrane; the smaller 
plates bear 6 or 7 spines. The spines form a group rather than 2 
series, as it frequently happens that 5 to 8 spines form a circle 
around a central spine, and all flare apart, more or less, but are 
nevertheless directed toward the margin. 

Furrow spines 6 or 7, slender, very slightly tapering, blunt, and 
webbed for nearly their whole length. The adoral spine is quite 
short; the next is half again as long, the third about twice as long 
as the first, the fourth and fifth each slightly longer than the pre- 
ceding; the sixth about equal to the fifth. When there are 7, the last 
spine about equals the third. Subambulacral spines 8 to 12. There 
is a semicircular webbed series parallel in general to the furrow 
series, consisting of about 8 (as many as 10) spines increasing in 
length from the short adoral to the fifth or sixth, then decreasing, 
the last spine being longer than the first, unless there are 10, when 
the series is symmetrical. Often 1 or 2 spines stand in the hollow 
of this series segregated from the others. The subambulacral spines 
are a trifle stouter and are more acute than the others. 

The oral armature is of the same character as the adambulacral. 
Marginal spines about 9, slender, untapered, blunt, the inner 3 or 4 
being the stoutest. Subambulacral spines about 12, sharp, and ar- 
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ranged parallel to the others, increasing in length from the outer to 
the inner. 

Incipient pedicellariae are present on the abactinal surface. These 
consist of 2 spinelets stouter than the rest, which meet over the hol- 
low of a strongly crescentic plate, the spines standing on the concave 
edge of the plate near either end. They are thus either over or close 
to the papula. Pedicellariae are rare in this family. 

Madreporic body small and on account of the encroachment of 3 
plates is trilobate. It is situated about one-third r from center. 

Type.—Cat. No. 32648, U.S.N.M. 

Type-locality.—Station 5482, off Cabugan Grande Island, Surigao 
Strait, east of Leyte, 67 fathoms, broken shells, stones, green mud. 

Distribution.—Known only from type-locality. 

Remarks.—The classification of this species has given considerable 
trouble. It resembles both Parasterina and Asterinopsis. I have 
placed it in the latter group because the papulae extend nearly to the 
margin and there is no sharply defined radial area of irregular abac- 
tinal plates. The actinal intermediate spinelets are in fascicles, and 
the adambulacral armature is sufficiently near that of Asterinopsis 
penicillaris in plan, although the spinelets are more numerous in 
pedicellaris. There are, however, very few secondary abactinal os- 
sicles, and there are small spiniform pedicellariae present. The gap 
between Asterinopsis and Paranepanthia is not great. 

Although this species resembles Vepanthia brachiata Koehler, I 
think that species is nearer platydisca and a Paranepanthia. 


Genus PARANEPANTHIA Fisher. 
Paranepanthia FisHErR, 1917e, p. 172. Type, Nepanthia platydisca Fisher. 


Diagnosis —Similar to Asterinain form, but with the adambulacral 
armature of Vepanthia; actinal intermediate plates in transverse 


series, and bearing a tuft of spinelets which becomes compressed and 
pectinate toward the margin of disk; bases of these spinelets webbed ; 
abactinal plates imbricated, divided into 2 areas: On center of disk 
and along a radial band they are rather crescentic with a few smaller 
plates intermingled (usually placed adorad to the hollow of the cres- 
cent) ; while between this area and the ambitus the plates lack the 
crescentic form and are arranged in transverse series. Superficially 
the plates resemble low parapaxillae, as they bear truncate groups of 
slender spinelets. 

Remarks.—This genus is distinguished from Asterina, in the wider 
sense, by the sharp differentiation of the plates of the center of disk 
and radial areas from those of the lateral portion of the abactinal 
surface; by having an adambulacral armature of the Vepanthia type, 
though less extreme than that of maculata; and by the arrangement 
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of the actinal intermediate plates which are not in chevrons, in the 
ordinary sense, but form transverse series, separated by shallow 
grooves, proceeding from the adambulacrals to the ambitus. The 
first few series do not reach the ambitus, but end rather irregularly 
on the inner half of the interradial line. This may be true to a cer- 
tain extent in Asterina, but its plates, as in Vepanthia, form series 
more obviously parallel to the adambulacral series. In Paranepan- 
thia the spinelets of the actinal intermediate plates are in bunches or 
tufts near the furrow but pectinate toward the margin. Nepanthia 
differs in having the rays slender and cylindrical, or narrow, flat- 
tened actinally and arched abactinally (hemicylindrical) with a cor- 
respondingly narrowed actinal intermediate area, the plates of which 
have numerous short spinelets like the abactinal plates. 

Callopatiria Verrill* differs in lacking the differentiation of the 
abactinal plates into 2 areas, in having the adambulacral armature 
more nearly like that of Asterina, and in having many small second- 
ary abactinal plates. 

Paranepanthia seems to me to include V. brachiata Koehler (1910a, 
p. 133), a six-rayed species from the Andaman Islands. 


PARANEPANTHIA PLATYDISCA (Fisher). 


Plate 114, figs 1, 4; plate 116, figs. 4, 5; plate 132, figs. 1, la—b. 


Nepanthia platydisca Fisuer, 1913¢e, p. 218. 


Diagnosis —Rays 5: R=54 mm., r=23 mm., R=2.3 r; breadth of 
ray at base, 36 mm.; interbrachia rounded, rays tapering evenly from 
base to bluntly hoitee extremity ; enced form much flattened and 
resembling an Asterina with thin disk; edges of disk and ray thin; 
abactinal plates divided into 2 areas, a median radial, where the 
plates are irregularly distributed, and lateral areas, where the plates 
form transverse (and also to some extent longitudinal) series, the 
transverse with about 26 or 27 plates at base of ray; plates resembling 
small flat-topped pseudopaxillae; actinal intermediate plates small, 
in transverse series, the larger plates with 15 to 20 slender, very sharp, 
webbed spines; furrow spines 7 or 8, webbed into a very convex 
fan; subambulacral spines 12 to 20, also webbed. 

Description—The general form is flat, the body being thin, much 
as in Anseropoda. The radial areas of irregularly arranged plates 
are sharply marked off and their width at base of ray is about one-half 

v, while on the interradial line they occupy a trifle more than one-half 
r. Between the margin of the median area and the ambitus extend 
transverse series of small elliptical plates, which also, on the adradial 
half or two-thirds of this area, form longitudinal series. The trans- 
verse series sometimes bifurcate at the outer ends, and the plates of 














1 Qallopatiria Verrill, May, 1913; type, Patiria bellula Sladen. Amer. Journ. Sci. 
vol. 35, p. 480. 
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each series decrease regularly in size toward the ambitus. In a com- 
plete series reaching the margin at middle of interbrachium about 26 
or 27 plates are present, while at the middle of ray about 17 or 18 
can be counted. These plates are roundish or broadly elliptical and 
overlap strongly. They bear elliptical groups of short papilliform 
spinelets, about 10 on the small plates and 20 or 25 on the larger. 
On the median radial areas and central portion of disk the plates 
are of several sizes, especially at base of ray. They are small and 
roundish or larger and crescentic or elliptical. On the distal part of 
ray nearly all the plates are small and bear a roundish group of 10 to 
18 very short spinelets, while the larger bear 25 to 35. These groups 
of spinelets are distinctly spaced and resemble, along with those of 
the lateral areas, low parapaxillae or pseudopaxillae. Papulae are 
scattered over the area of irregular plates and extend about two- 
thirds the length of ray, but are not present on the lateral areas. 

The marginal plates are very small. The inferomarginals define 
the ambitus, while the subequal superomarginals are abactinal in 
position. 

The actinal intermediate areas are broad, the plates forming well- 
marked transverse series, the plates decreasing gradually in size to- 
ward the ambitus, where they are very small. In the first complete 
series, at base of ray, are 35 plates; at the middle of ray there are 20. 
The larger plates bear about 15 to 20 slender, very sharp spinelets 
about 1 mm. long and webbed into a circular group. Usually, how- 
ever, they are bent toward the ambitus and form a double series, one 
covered up by the other. The combs of one plate overlie the base of 
the spines of the next plate toward the margin. Sometimes the spine- 
lets stand more erect, and then the combs of a series do not imbricate. 
The transverse series are separated by shallow well-marked grooves. 

Furrow spines 7 or 8 slender, untapered, blunt, united by a web 
into a fan-shaped group with a strongly convex distal margin. The 
adoral spine is usually short, about equal to base line of comb in 
length. The next 2 are increasingly longer, the next 3, subequal, and 
the last slightly shorter; or where there are 8 the last is nearly as 
short as the first. Subambulacral spines proximally 18 to 20, but 
distally only about 12. They usually stand erect, are webbed, and 
in favorable places may be seen to form a very convex series, with 
6 or 8 spines in the concavity of the series, and involved in the same 
membrane. Sometimes there is an appearance of 2 concentric series 
with several irregularly disposed spines externally. 

Mouth plates with 11 or 12 marginal spines, increasing in length 
toward the inner end of series, the companion series united by a 
common web. Suboral spines 20 to 25, in 2 series, parallel to free 
margin, with 5 or 6 extra spines between the second series and the 
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median suture. The first series contains 7 or 8 spines increasing in 
length toward the median suture. The second, less regular, contains 
5 or 6 spines. 

Madreporic body medium-sized, situated one-third r from center. 
It is roughly 3-sided and surrounded by several plates larger than 
the neighboring abactinal plates. 

Type.—Cat. No. 32644, U.S. N. M. 

Type-locality Station 5645, Buton Strait, Celebes, 206 fathoms, 
bottom not recorded; 1 specimen. 

Distribution—Known only from type-locality. 


Genus NEPANTHIA Gray. 
Nepanthia Gray, 1840, p. 287. Type, N. maculata Gray. 
KEY TO THE SPECIES OF NEPANTHIA HEREIN DBSCRIBED. 


a. Rays 5, marginal plates small, not defining ambitus, actinal surface convex, 


ray, (cylindricaleswic soe Se ee maculata, p. 422. 
@. Rays 5 to 7; inferomarginal plates conspicuous, defining ambitus; actinal 
surface subplane, abactinal surface convex______________- joubini, p. 423. 


NEPANTHIA MACULATA Gray. 


Plate 118, figs. 3, 4. 


Nepanthia maculata Gray, 1840, p. 287.—Prrrizr, 1875, p. 322.—SLADEN, 
1889, p. 388, pl. 64, figs. 1-4. 

Notes on Philippine specimens.—It is not possible to be certain 
whether these specimens are really V. maculata or a closely allied 
species. They present some points of difference from Sladen’s figures, 
and, as he states, the few descriptions are rather vague. In the 
largest specimen R=50 mm., r=8 mm.; R=6.25 r; breadth of ray 
at base 9 mm. 

The differences which these specimens present when compared with 
Sladen’s plate will be noted. The form of the ray is practically the 
same. The abactinal area of crescentiform plates shows this differ- 
ence, that the little plate just adorad to each papula, as clearly shown 
in Sladen’s figure 3, is lacking in all the Albatross examples. This 
median area is about 6 to 8 plates wide, counting along an oblique 
series (as in Sladen’s figume). Then come on either side between the 
crescentic plates and the inferomarginals, at base of ray, about 6 
longitudinal series of superficially rectangular plates, the plates of 
the outer 2 series being smaller than the others. Then, counting 
toward the furrow and including the inferomarginal series, 5 series 
of plates (close to interbrachium 7 series) the plates of the 2 inner 
series much larger than those of the outer 3 or 4. 

The greatest difference is observable in regard to the disposition of 
the adambulacral spinelets. Sladen states that his figure 4 represents 
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the spinelets in what he believes to be the natural posture and that 
thfS condition was found on only a few plates. In our specimens 
only the 2 innermost fans are clearly distinguishable, the spinelets 
on the outer part of the plate being less regular in arrangement, and 
similar in arrangement to those of V. brevis, although more numer- 
ous, as well as slenderer and more sharply pointed. 

In 2 small specimens (R=14 mm.) which have the proportions of 
NV. brevis but which are believed to be young of maculata, the arma- 
ture is more as in Sladen’s figure 4, although not quite so regular; 
and of the 2 specimens 1 has the armature more regular than the 
other. <A peculiarity of these 2 specimens is the grouping of the 
spinelets of the abactinal crescentic plates in 3 or sometimes 2 distinct 
tufts to each plate. This gives the appearance of numerous small 
plates. 

These small specimens are distinct from NV. brevis and NV. suffar- 
cinata, and of course may represent a third species. Their affinities 
are close to V. maculata. 

The largest specimen has 2 madreporic bodies. The others have 
one. 

All the specimens are bleached yellowish, and unspotted. 

Type-locality—Migupou (Gray). 

Distribution.—Philippine Islands; Arafura Sea. 

Specimens examined.—F our. 

Station 5157, off Tinakta Island, Tawi Tawi Group, Sulu Archi- 
pelago, 18 fathoms, fine sand; 1 specimen. 

Station 5161, same locality, 16 fathoms, fine sand; 1 specimen. 

Station 5335, Linapacan Strait, vicinity Linapacan Island, north 
end of Palawan, 46 fathoms, sand, mud; 2 small specimens. 


NEPANTHIA JOUBINI Koehler. 


Plate 1138, figs. 1, 2. 
Nepanthia joubint KorHLER, Description d’une Astérie nouvelle (Nepanthia 
Joubini), provenant du cap Saint-Jacques (Cochin-chine). Bull. du 
mus. d’ hist. naturelle, July 1908, No. 5, p. 232. 

Notes on Philippine specimens.—The Leyte specimen is larger than 
Koehler’s: R=32 mm., r=7 mm. There are 6 rays, 2 large ones 
opposite each other with a pair of small ones between on either side. 
There is only 1 madreporic body. The adambulacral armature 
greatly resembles Sladen’s figure (1889, pl. 63, fig. 5) of that of WV. 
brevis. In the furrow series are 7 webbed spines, the median the 
longest; the first subambulacral contains about 7 spines forming a 
very convex fan, parallel to the furrow series, while 3 to 5 spinelets 
stand just back of the subambulacral series and are invested by the 
same membrane. The plates of the median radial area are less regu- 
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lar than in Koehler’s type, but the specimen is larger, which may ac- 
count for the difference. @ 

Numerous papulae are guarded by simple pedicellariae consisting 
of 2 to 4 sharp spinelets, which meet at a common point and resemble 
somewhat the fasciculate pedicellariae of Pectinaster. Similar 
pedicellariae are common in Asierinopsis pedicellaris. 

The inferomarginal plates are larger than the others, longer than 
wide, and define the ambitus. I am in considerable doubt as to 
whether this specimen, which is regenerating 4 rays is not really a 
6-rayed WV. brevis Perrier. 

The smailer specimen has perfectly regular abactinal plates. 

Type-locality—Cochin China (Cape St. Jacques). 

Distribution.—Kknown only from the type-locality, from off Leyte 
(vicinity Surigao Strait), 57 fathoms, shells, and from near Jolo. 

Specimens examined.—Station 5478, off Tacbuc Point, Leyte 
(vicinity of Surigao Strait), 57 fathoms, shells. 

Marongas Island, north of Jolo, from a coral head, small specimen. 


Genus ANSEROGPODA Nardo.* 


Anseropoda Narpo, Oken’s Isis, 1837, p. 716. Type, A. membranacea 
(Retzius). 
ANSEROPODA MACROPORA Fisher. 
Plate 110, fig. 3; plate 131, figs. 3, 3a—b. 


Anseropoda macropora FisHER, 19138c, p. 219. 


~ 


Diagnosis —Rays 5. R=16 mm., r=&.5 mm., R = slightly less 
than 2 r. Proportions and form variable; a four-rayed specimen 
has the following dimensions: R=17.5 mm., r=13 mm.,; in the 
latter the margin of ray curves outward and has a broad leaflike 
contour. Species characterized by presence along radial line of a 
zigzag series of 7 to 11 wartlike conspicuous protuberances composed 
of 4 upright spinulate plates guarding a large papular pore; other 
abactinal plates with divaricate tuft of 8 to 12 very delicate spine- 
lets; actinal intermediate area with spaced combs of 3 to 5 delicate 
sharp spinelets; furrow spinelets 5, webbed, the adoral set back 
slightly from margin; subambulacral spinelets 1 or 2, near adoral 
margin of plate. 

Description.—Body very thin and raised only along the radial 
lines, where there are 7 to 11 large papular pores forming a zigzag 
series and each guarded by 4 plates, the edges of which are raised 
so as to form a little mound or wartlike protuberance. The free 
edges of the plates, bordering the relatively large pore, are semicir- 
cular and the free surface of the plate is nearly perpendicular. These 
plates are covered with numerous short, terete, delicate, blunt spine- 





1 Garna Gistel, Naturgeschichte des Thierreichs, 1848, p. 176. Type, Asterias mem- 
branacea. 
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lets, which guard the pore, and also extend part way down the sides 
of the plates, which appear to be slightly movable. The single papula 
is large. The other abactinal plates are urranged in very definite 
series parallel to the interradial line, and in the four-rayed cotype 
they also form longitudinal series parallel to the radial line. This 
is true also of the type but the longitudinal series are less evident. 
The dorsolateral plates bear a tuft of 8 to 12 radiating, slightly 
spaced, very delicate terete spinelets, either blunt with several fine 
points, or slightly tapered and sharp. These groups are spaced about 
one-half their own diameter and the spinelets are considerably 
smaller than those of the pore-plates. The marginal plates are very 
small with a marginal fringe of small spinelets. 

Actinal intermediate plates in very definite series leading from 
the furrow to margin and also in series parallel to furrow. Each 
plate has a comb of 4 or 5 very delicate, sharp, spinelets becoming 
reduced to 8 distally and toward the margin. The median spinelet 
is the longest, and slightly overlaps the base of the next comb toward 
margin. 

Furrow spinelets 5, webbed, very slender and delicate, pointed, 
the adoral set back from the margin slightly and about two-thirds 
or three-fourths the length of the others, which are subequal, and 
about twice as long as the base line of the comb. Back of the adoral 
spinelet near the transverse margin are proximally 2 shorter, slender, 
subambulacral spinelets, becoming 1 distally, and disappearing near 
end of ray. . 

Type—Cat. No. 32645, U.S.N.M. 

Type-locality Station 5146, Sulu Archipelago, off Sulade Island, 
southwest of Jolo, 24 fathoms, coral sand, shells; 2 specimens, 1 
imperfect. 

Distribution —Known only from the type-locality. 

Remarks—TVhis species belongs to the section of the genus in 
which there are few papular pores, in a single series on either side 
of the median radial line. Its distin&uishing peculiarity is the spe- 
cialization of these pores, which are guarded by elevated plates form- 
ing tubercular spinulate protuberances. The papulae themselves 
are large. 

Anseropoda macropora is most nearly related, I think, to A. peta- 
loides (Goto), Misaki, Japan. It also bears a considerable resem- 
blance to A. tenuis (Goto), Misaki, Japan. (See Goto, 1914, pp. 
656-662, pl. 19, figs. 282-285.) 


ANSEROPODA, species 


There is a fragment comprising the greater part of 1 ray, from sta- 
tion 5433, off Corandagos Island, eastern Palawan, green mud, coral 
sand. The species is new and resembles A. diaphana (Sladen) but 
is of a stouter habit apparently. It is not possible to be sure that 
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there are 5 rays, as none of the disk is present. The species differs 
from A, diaphana in having more numerous spinelets in the abacti- 
nal tufts, much more numerous papular pores, these being arranged 
in 2 irregular, sometimes zigzag, series along either side of a narrow 
median radial area. The abactinal plates usually have, near base of 
ray and radius, 3 tufts of spinelets, of which the median is large and 
carries 13 to 20 delicate sharp spinelets, and the small lateral tufts 
only 2 to 5. Sometimes there is 1 small tuft. Near the margin, only 
the large tuft persists. The furrow spinelets are 6 or 7 (6 in di- 
aphana). Subambulacral spinelets proximally 5, then 4, then 3. The 
median 1 or 2 are much the stoutest. Actinal intermediate spinelets 
3 to 5, in a single series, basally webbed, the median 1 or 2 much the 
stoutest. 

Sladen states that in diaphana the papular pores are large and 
spiraclelike, margined by 7 or more plates, each of which bears a 
small comb of rather elongate spinelets directed over the opening. 
In the present species the pores are margined by 3 to 5 plates. It is 
possible that on the disk there were more. 


Family ECHINASTERIDAE Verrill (restricted). 
Genus ECHINASTER Miiller and Troschel. 


Bchinaster Mtriter and TroscHet, 1840a, p. 102; 18400, p. 321. Type, 
Asterias seposita Lamarck (not Retzius, 1783) =Asterias sagena Ret- 
zius, 1805, first species (designated, Fisher, 1913b).—FisHerr, 1911d, 
p. 260; 191%b, p. 194.—VeERRILL, 1914a, p. 206 (+ Othilia) ; 1915, p. 35 
(+Othilia). 

Rhopia Gray, 1840, p. 282. Type, R. seposita Gray=A. sagena Retzius, not 
A. seposita Retzius as stated by Gray (designated, Fisher 1913b). 


The genus Echinaster Miiller and Troschel (April, 1840) is usually 
understood to include Othélia and Rhopia Gray (December, 1840). 
In a key to the genera of Echinasteridae in Asteroidea of the North 
Pacific, etc. (1911, p. 259), I recognized Othilia for those species 
which have, in addition to dactinal papulae, also intermarginal 
papulae or both intermarginal and actinal papulae, while the name 
Echinaster by implication was reserved for Echinaster sepositus and 
allies, in which there are neither intermarginal nor actinal papulae. 

Professor Verrill, in a letter, dissented from this course. I pub- 
lished a short note (19130) in explanation of my point of view, 
which is here largely reproduced. 

Professor Verrill considers that Asterias spinosa Retzius (1805), 
which I made the type of Othilia Gray, is really the type of the 
previously described Echinaster, by designation (Miiller and Tros- 





TThis name is preoccupied by Asterias spinosa Pennant, 1777 [= Asterias glacialis, 
1758]. Asterias echinophora Lamarck, 1816, is the tenable name for the species. 
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chel, 1842, p. 22, footnote). This would make Othilia a synonym of 
Echinaster Miiller and Troschel. chinaster would therefore be the 
correct name for the genus which I call O¢hilia, while the genus here 
called Echinaster would receive, as I pointed out in 1913, the name of 
Rhopia Gray. Verrill has since published his views (1914a, p. 207, 
1915, p. 86) but appears not to have seen my note of 1913. 

The distinction between the restricted H'chinaster and Othilia may 
seem a trifle subtle. In practice, however, it has not been difficult to 
use the two groups—at least so far as species which I have person- 
ally examined are concerned. It may be noted that the same differ- 
ence separates Henricia and Cribraster, the latter corresponding to 
Echinaster. The following notes will present my reasons for retain- 
ing the name O¢hilia for the American species. 

The original description + of /'chinaster is not accessible, but it was 
reprinted? in September of the same year in the Archiv fiir Natur- 
geschichte, with the following enumeration of species: “4 Arten: A. 
sepitosa Lam. [=A. seposita], A. echinophora Lam. (Pentadactylo- 
saster spinosus Linck), E’. spongiosus Nob. (Linck, t. 36, n. 62) und 
eine neue Art.” As a footnote is the following: “ /chinaster ist der 
alteste von Luidius und Petiver fiir ein hierher gehériges Tier 
gebrauchte Name.” There was no designation of type. Two years 
later in the System der Asteriden (p. 22), the species of 
Echinaster are cited in different order, namely: spinosus, brasiliensis, 
crassus, gracilis, sepositus, fallax, eridanella, serpentarius, oculatus, 
eschrichii, solaris. In a footnote referring to Echinaster, the note 
quoted above is somewhat amplified as follows: “ Ein von Luidius, 
Petiver und Linck zur Bezeichnung eines hierher gehérigen Tieres, 
Asterias echinophora Lam., angewandter Name.” This seems to me 
to be not a designation of type but an explanation of the derivation 
of the new generic name, employed previously by Petiver in the 
following polynomial: “ Z'chinaster seu stella coriacea pentadactyla 
echinata.” <Asterias seposita was given first place in the original 
description of H'chinaster and it is reasonable to consider the Euro- 
pean species as the type, as is very generally done when the genotype 
is in doubt. 

Professor Verrill (19140, p. 207) says: “The type of the latter 
[Xchinaster Miller and Troschel] was £. spinosus=Asterias echi- 
nophora Lam., both by virtual tautology and by designation.” As 
pointed out in the preceding paragraph, Miiller and Troschel’s 
“designation” is simply an explanation of the derivation of their 
name. The alleged tautology seems to me to be rather strained, inas- 
much as echinophora was not a tenable name according to Miiller 


1Monatsber. d. k. preuss. Akad. d. Wiss. Berlin, April, 1840, p. 102. 
2 Archiy f. Naturgesch. 6. Jahrg., vol. 1, p. 321. 
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and Troschel’s views, and “echinophora” is certainly not “ Hchi- 
naster.” 

As noted under the synonymy, Rhopia Gray (1840, p. 282) was 
founded upon two species, Rhopia seposita and R. mediterranea, 
the first of which I have already designated as type (19130, p. 195). 
Gray states that Rhopia seposita is the same as Asterias seposita 
Retzius, 1783, and Asterias seposita Lamarck, 1816. He was appar- 
ently mistaken in regard to Retzius’ species, which is said by Miiller 
and Troschel (1842, p. 127) to be the same as the species now known 
as Henricia sanguinolenta (O. F. Miiller, 1776). Lamarck’s A. 
seposita originally included the species now called Echinaster seposi- 
tus and Henricia sanguinolenta, but was restricted to the former by 
Miiller and Troschel (1842, p. 23, 126, but synonymy on p. 28 is cor- 
rected on p. 126 and 127). Gray must have had in mind the Medi- 
terranean species for his type, because he had already made the 
true Asterias seposita of Retzius the type of Henricia under the 
name of oculata Pennant (1777) [this being antedated by A. 
sanguinolenta O. F. Miiller, 1776]. Likewise his short diagnosis 
refers to Hchinaster and not to Henricia, and the inclusion of 
Rhopia mediterranea, a synonym of EL. seposita (Lamarck) indicates 
the group intended, namely, what I call /chinasier. 

It is evident from the foregoing that the name seposita occurs 
under two different meanings. In any event the Asterias seposita 
of Lamarck is invalidated because it is a homonym of A. seposita 
Retzius, 1783. Now A. seposita Retzius is itself a synonym of A. 
sanguinolenta O. F. Miiller, and is therefore shelved. In order to 
use seposita as the name of the Mediterranean Y'chinaster, it would 
be necessary to show that Retzius referred to this species. He did 
not refer to it, because his locality and description indicate Henricia, 
and he later described the #chinaster in question as Asterias sagena 
and A. sanguinolenta (Dissertatio, 1805, pp. 21, 22). Naturally the 
second of these names is rendered untenable by being a homonym of 
A. sanguinolenta O. F. Miiller, 1776. But Asterias sagena is ap- 
parently available, and should be used in place of seposita. The type 
of Echinaster is therefore Echinaster sagenus (Retzius). 


ECHINASTER CALLOSUS von Marenzeller. 
Plate 112, fig. 2; plate 122, figs. 4, 5; plate 132, figs. 5, 5a-—e. 


Echinaster callosus voN MAReNzELLER, Uber eine neue Hchinaster-Art 
von den Salomons-Inseln, Denk. k. Akad. Wiss. Wien, vol. 62, p. 531, 

1 pl.—Koernter, 1910a, p. 174. 
Notes on the specimens.—The largest specimen is larger than the 
type, having R=215 mm., r=22 mm., R=9.8 r. The disk is, there- 
fore, as in the type, quite small, and the rays are a trifle swollen 


STARFISHES OF THE PHILIPPINE SEAS. 429 


above the base, about as indicated in von Marenzeller’s figure. This 
character is also present in a young specimen with R=42 mm. 

I have examined the outer layer of the integument for the holo- 
thurianlike deposits described by von Marenzeller and find them 
present in the form of irregularly branched rods scattered irregu- 
larly and not crowded as in the following species. These rods are 
of variable size and form; sometimes the branches unite and form 
open lattice-plates with 1 to 5, or even more, unequal and irregular 
perforations. There are fewer perforated plates than rods. (See 
pl. 114, figs. 5, 5a-e. 

The young specimen is chiefiy noteworthy in showing the double 
row of marginals much more clearly than the adult. In the inter- 
brachial are there are about a dozen small plates interpolated be- 
tween the two series. The papular areas are sharply limited by the 
superomarginal plates, there being no intermarginal or actinal 
papulae. The same is true of the adult. What appear to represent 
the inferomarginal plates (in the young specimen) is a series of 
roughly elliptical or oval plates adjacent to the adambulacrals. 
Closely apposed to these is a similar series representing the supero- 
marginals, but separated from them in the interbrachial arc. Im- 
mediately above the superomarginals the irregular mesh-work skele- 
ton begins, so that there is really no other interpretation possible for 
these plates unless the superomarginal series is wanting. About 
every fourth or fifth superomarginal bears a stout conical spine, and 
about every fourth inferomarginal a similar spine, but the spines of 
the 2 series are not exactly opposite; they may even alternate. (See 
pl. 122, fig. 5.) Just external to the mouth plates and wedged between 
them and the first inferomarginal of each series is a prominent un- 
paired actinal intermediate plate bearing a spine. A rudimentary 
plate is present on either side of this. The presence of these plates 
pretty well establishes the identity of the inferomarginals. In the 
adult several additional plates are present on either side of the odd 
plate forming short series which do not extend beyond the sixth or 
seventh adambulacrals. 

Ty pe-locality—Solomon Islands. 

Distribution—Solomon Islands; Celebes; Sulu Archipelago; 
Andaman Islands (Koehler). 

Specimens examined.—Three : 

Station 5138, vicinity of Jolo, 19 fathoms, sand and coral; 1 
specimen (young). 

Ligpo Point, Balayan Bay, Luzon; 1 specimen (adult). 

Una Una Road, Binang Unang Island, Gulf of Tomini, Celebes: 
1 specimen (large). 
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ECHINASTER STEREOSOMUS Fisher. 
Plate 122, figs. 2, 3; plate 182, figs. 6, 6a-e. 
Echinaster stereosomus FISHER, 19130, p. 195. 


Diagnosis.—Rays 5. R=52 mm., r=10 mm., R=5.2 r; breadth of 
ray at base, 12 mm. Disk fairly large; rays tapering at first rather 
rapidly, then very gradually, the distal two-thirds being attenuate; 
abactinal surface of rays well arched, actinal surface slightly convex. 
Spines short, conical, sharp, spaced 2 to 4 times their length, forming 
2 marginal and proximally 5 (distally 3) abactinal, longitudinal 
series; papulae, 1 to 5 to each of the roundish, or more or less quad- 
rate areas; no intermarginal or actinal papulae; skin fairly thick, 
covering everything except the tips of spines, and crowded with 
minute perforated plates and rods; a few true actinal intermediate 
plates present, all but 1 (which bears a spine) rudimentary; adam- 
bulacral armature a vertical series of 3 spines, the uppermost on 
border of furrow, the lower deep in furrow; upper spines with their 
membrane investment forming a continuous serrate web closing 
mouth of furrow. Related to /. callosus, but with larger disk, shorter 
rays broader at base, shorter spines, 3 adambulacral spines, and 
thinner skin, crowded with much more numerous, evenly distributed 
perforated plates of a different form. 

Description—Abactinal skeleton rather open, forming quadrate or 
roundish meshes, becoming elongate near end of ray. Most of the 
nodal points bear a short, stout, conical spine on an eminence of the 
plate. These spines form at base of ray 5 abactinal, 1 lateral, and 1 
actinal series, the last two borne by the superomarginal and infero- 
marginal plates, respectively. The abactinal series adjacent to 
superomarginals ends at about the distal third of ray, so that beyond 
this point there are only 8 abactinal series of spines. The spines are 
well-spaced and proximally the abactinal series are sometimes rather 
irregular. The larger abactinal plates are three- or four-lobed and 
are connected proximally by a secondary ossicle (sometimes 2), three- 
lobed or subtriangular, oblong, or roundish. On the outer part of 
the ray 8 or 4 smaller, overlapping secondary plates may stand in a 
longitudinal series between 2 spine-bearing plates which are convex, 
while the connecting plates are not. The marginal plates form per- 
fectly regular series. The inferomarginals have 4 rounded corners 
and are adjacent to the adambulacrals. The first 4 or 5 plates usually 
each bear a spine; beyond this point every third or fourth plate is 
spiniferous. The superomarginals are directly above the inferomar- 
ginals and leave only small skeletal spaces between. Near the base 
of ray the series turns upward as in other species of Hchinaster, 
leaving a triangular space filled with about 3 series of small inéer- 
marginal plates. On the proximal third of ray usually every third 


STARFISHES OF THE PHILIPPINE SEAS. 431 


plate bears a spine; beyond this about every fourth. Terminal plate 
small, with a semicircular series of about 5 small spines on the distal 
margin. 

There are no papulae between the marginal plates, nor actinally. 
The larger papular areas (those on the median proximal region of 
ray) contain 3 to 5 papulae; the others 1 or 2. 

The body is overlaid by a tough skin of medium thickness which 
covers everything but the sharp tips of the spines. It contains numer- 
ous glands which are rendered visible by a short immersion in caus- 
tic potash. The skin is crowded everywhere with minute perforated 
plates sometimes as many as 4 deep but usually about 2 deep. They 
are always so close that several overlap one another. They vary in 
form from dumbbell-shaped rods with 1 or 2 perforations to round- 
ish or oblong, elliptical, smooth plates with from 4 to 8 perforations, 
the plates being predominant. The border of the plates is irregular, 
with short protuberances. The medium-sized plates measure about 
0.04 mm., and the largest 0.05 mm., longest diameter. 

Adambulacral plates with proximally 3 (distally 2 or 3) rather 
slender spines in a vertical series, the 2 lower standing one above the 
other on the furrow face of the plate, while the third is on the furrow 
margin proper, and the series is united along the whole length of the 
furrow by a continuous membrane, forming a serrated border to 
furrow and usually closing it by interlocking more or less with the 
spines of the opposite side. This spine is the longest of the 3, being 
about one and one-half times the width of plate, acicular, sharp. 
On account of the heavy membrane it appears stouter than it really 
is. The spine below this is a trifle smaller, while the lowest is com- 
pressed, curved at the base and shorter still. The three are united 
by membrane, at least basally. Some of the proximal plates have 
only 1 spine in the furrow, but usually there are 2. 

Mouth plates with 2 spines on the margin of furrow, and on the 
furrow face of the plate 2 smaller spines, the upper usually but not 
always larger than the corresponding (middle) adambulacral spine. 

Just back of the mouth plates and between them and the infero- 
marginals (which extend proximad as far as the third adambulacraly 
is a fair-sized actinal intermediate plate bearing a spine similar to 
those of the inferomarginals. On either side of this, and wedged 
in between the third and fourth adambulacrals and first inferomar- 
ginals, are 2 or 3 very small, almost rudimentary actinal intermediate 
plates. These are, of course, invisible unless the integument is 
thoroughly cleaned off. There are thus 5 or 6 actinal intermediate 
plates entirely distinct from the rather numerous intermarginals 
which form a large part of the actinal area of disk. 

Madreporic body small, raised, flat-topped, with few striations. 
It is situated a trifle less than one-half r from center. 
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Color in alcohol, bleached reddish brown. 

Type.—Cat. 8 7001, U.S.N.M. 

Type-locality. seeded 5483, Surigao Strait, off (pean Grande 
Island, 74 fathoms, sand, Boeken shells; 2 specimens. 

Distribution.—Philippine Islands, 74 to 76 fathoms, on sand. 

Specimens examined.—Three; 2 from type-locality and 1 from sta- 
tion 5140, off Jolo, Sulu Archipelago, 76 fathoms, fine coral sand. 

Remarks.—This species bears a certain resemblance to Z#. callosus, 
but the disk is much larger, the ray shorter, and broadest at base, 
not slightly constricted as in callosus; the spines are much less 
prominent; the skin is thinner, especially around the spines; papulae 
fewer; skeleton more regular; there are usually 3 adambulacral 
spines in a vertical series (2 in callosus), and the deposits of the 
skin are very numerous, fairly evenly distributed, and in the form 
of perforated plates, rather than branched rods or rather open 
plates in streaks or areas. The plates are so numerous in the speci- 
men from station 5140 that they form several layers in places and 
nearly always overlap. In £. callosus, which 1 examined, the de- 
posits might be described as being scattered. 

Echinaster acanthodes H. L. Clark (1916, p. 61) from Queens- 
land is nearly related to the present species and greatly resembles 
it. EH. acanthodes has, on every other adambulacral plate, except on 
the 12-16 plates nearest the mouth a conspicuous subambulacral 
spine, in addition to the three spines in the furrow. Deposits in the 
skin are not described. 


Genus OTHILIA Gray. 


Othilia Gray, 1840, p. 281.—Type, Asterias spinosa Retzius, 1805 (not 
Pennant, 1777) =Asterias echinophora Lamarck, first species (by desig- 
nation, Fisher, 19180).—FisHErR, 1911d, p. 260; 1913b, p. 195. 
Echinaster Mittrer and TroscHet (part), 1840a, p. 102; 1840b, p. 321; 
1842, p. 22.—Authors generally.—VErRRILL, 1914a, p. 206; 1915, p. 35. 
Considerations which have led to the retention of Ozhilia as the 
name of this restricted group, instead of Echinaster Miller and 
Troschel, have been discussed under the preceding genus. 


OTHILIA PURPUREA Gray. 
Plate 122, fig. 1; plate 132, figs. 7, Ta—b. 


Othilia purpurea Gray, 1840, p. 282. 

Notes on Philippine specimens.—The specimens vary as to length 
of ray. One with long, slender rays has R=86 mm., r=12 mm., 
R=7 r; ray 7 times as long as its breadth at base, measured along- 
side from interbrachial angle. Another specimen with stouter, 
broader rays has R=8¥mm., r=15 mm., R=5.4 r; longest ray 5 times 
its breadth at base. The rays are generally unequal in length. 
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Of the 24 specimens, 12 have 6 rays and 2 madreporic bodies, 4 
have 5 rays and 2 madreporic bodies, 1 has 6 rays and 1 madreporite, 
1 has 5 rays and 1 madreporic body, 3 are comet forms (6 rayed, and 
1 has 2 madreporic bodies) ; 2 six-rayed and 1 five-rayed specimens 
each have the madreporic bodies (which are normally small) too in- 
conspicuous to determine exactly. 

The photographic figures will sufficiently show the external form 
of the species. It remains to note the arrangement of papulae and 
a few other features which are not very well known. Just external 
to the adambulacral plates, and without intervening papular pores is 
a straight series of inferomarginal plates, about 10 corresponding 
to 16 adambulacrals. These plates are four-lobed and extend from 
behind the mouth plates, where there is an odd plate, to the tip of 
the ray. This is similar to the arrangement in Henricia except that 
the prominent actinal intermediate series is lacking. The odd plate 
just referred to probably corresponds to the odd actinal intermediate 
plate which I have found in Lchinaster callosus and EF. stereosomus, 
and is not a true inferomarginal. The superomarginal plates are im- 
mediately above, and separated by a series of papular areas, contain- 
ing usually only a single papula (sometimes 2 or 3 at base of ray). 
Near the base of the ray (as in Hensicia) the superomarginal series 
bends upward and reaches the interradial line about midway between 
mouth and anus. The angular space between the 2 series is filled in 
with intermarginal plates and about 6 or 7 papular areas. 

The abactinal plates form roundish or more or less irregular 
meshes, 10 to 12 of which can be counted across ray from one supero- 
marginal series to the other. These meshes are largest in the mid- 
radial region, and contain between 5 and 10 papulae. Most of the 
abactinal and all the marginal plates bear a short central, conical, 
blunt spinelet, heavily invested in membrane. 

The skin contains crowded holothurianlike perforated plates hav- 
ing an irregularly elliptical, oval, or subcircular form with 10 to 20 
perforations. Many are very irregular and in the form of branched 
and perforated rods. These are incomplete plates. The largest 
plates are about 0.05 mm. in diameter (see pl. 132, figs. 7, 7a-b). Ifa 
light-colored specimen is immersed for a short time in caustic potash 
the crowded deposits can be readily seen with a strong hand lens as a 
minute grayish granulation in the skin. These deposits are slightly 
thicker around the edges of the papular pores where they form 
rings. This immersion in caustic also reveals numerous glands scat- 
tered over the body, such as have been described for Echinaster cal- 
losus by v. Marenzeller and /. sagenus by Ludwig. 

The adambulacral armature consists of 3 spines. Deep in furrow 
is a Short, slightly curved, blunt, strongly compressed spine of a 
rather spatulate form but oriented with edge to furrow. The tip 
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of this just about reaches the base of the second spine, which stands 
on the edge of the adambulacral plates and is stouter, longer, com- 
pressed, and truncate at the tip. This series is united by thick mem- 
brane, and forms a serrate border to the furrow, the spines of one 
side usually fitting into the intervals between the spines of the oppo- 
site side. The spines of the same series are separated by a space 
about equal to their own thickness. Just back of them is the third 
spine, the bases almost touching, but as the outer spine is directed 
away from the furrow it appears in the undried and uncleared speci- 
men to be considerably spaced from the second. The adambulacral 
plates are small, wider than long, and separated by an interval about 
one-half their own length. 

This species practises autotomy as shown by the comet forms, both 
of which have the buds of 5 new rays. In one specimen two tiny 
madreporites are visible. 

Type-locality.— Mauritius. 

Distribution—Red Sea, Zanzibar, Mauritius, Mergui Archipelago, 
Madras, Philippines, Molucca Islands, Timor, Torres Strait, north- 
east Australia, New Zealand. 

Specimens examined.—Twenty-four : 


Specimens of Othilia purpurea examined. 











| | 
Sta- : Depth Nature of |Num-| No- | No. of 
2 Locality. 2 of | madre- 
tion fathoms. bottom. ber. rays. | porites. 
| | a 
| 
5109 | 25.8 miles SW. Corregidor Light, Luzon.. 1 6 | (2) 
5168 | Off Tinakta Island, Tawi Tawi Group, 1 6 | 1(+2) 
Sulu Archipelago. | 
do 1 6 | (?) 
o) aca 
1 5 (2) 
2 6 2 
2 5 2 
1 5 1 
a 1 5 2 
| 1 6 1 
1 6 2 
1 6 | 2 
"| 6 2 
2 | 6 2 
2 6 2 
pee 2 
| beach. | | 
ee Ae Beye eds accompa chivn ethan ae cated Aue Use teen eeeeeeeneed-:-<<|) aM n ees 
Te: Pass, Simaluc Islands, Tawi Tawi} Shore...-...-.. | DA necesaeaeae| Vt Siam (?) 
rou | 
San Miguel Harbor, Ticao Island between |-........------- lWeitidvssecceacisee 1 6 2 
Masbate and Luzon. 














Remarks.—Writers who have seen this species and the subsequently 
described O. eridanella—notably Miiller and Troschel, Perrier, de 
Loriol, and Koehler—do not say wherein the two differ. The range 
of eridanella is coextensive with the eastern part of that of purpurea, 
while both forms have either 5 or 6 rays and 2 maderporic bodies. 
The authors referred to above have recorded the species as follows: 
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O. eridanella is recorded by Miiller and Troschel from New Ireland 
(1842, p. 24); by Perrier (1875, p. 105) from New Caledonia; by de 
Loriol (1893, p. 891) from Amboina (also by Déderlein, 1896, p. 322) ; 
by Koehler (1910a, p. 174), who compared his specimens with the 
types, from Ganjam, India. O purpurea is recorded by Miiller and 
Troschel (as /. fallax) from “ India and the Red Sea” (1842, p. 24) ; 
by Perrier from the Philippines and the Red Sea (1875, p. 106); by 
de Loriol from Mauritius (1885, p. 10); by Koehler from the Aru 
Islands (19100, p. 288). 

T suspect that the two names refer to one variable species. Even 
if the specimens in the eastern part of the range differ sufficiently 
from those of Mauritius and westward, the former are not likely to be 
separable from Gray’s previously described Othilia luzonica (1840, 
p. 282). De Loriol, an astute systematist, compared specimens of 
purpurea from Mauritius with six-rayed examples from the Philip- 
pines without finding any important differences. What differences 
do exist between ertdanella and purpurea? 

O. purpurea has been listed by Farquhar? (1898, p. 315) from New 
Zealand, and by R. N. Rudmose Brown (1910, p. 35) from the Mergui 
Archipelago. 

Through the kindness of Dr. H. L. Clark, I have seen several 
specimens, both five- and six-rayed, collected by him in Torres Strait, 
at Thursday Island, and Emb (Murray Islands). 


Genus HENRICIA Gray. 


Henricia Gray, 1840, p. 184. Type H. oculata Gray [Asterias sanguino- 
lenta O. F. Miller]. 


With few exceptions the species of this genus are very variable and 
consequently difficult to identify accurately, even with specimens for 
comparison. Identifications based upon descriptions and figures are 
less reliable. 

Although the three forms listed below have been given full specific 
rank, and are apparently very different, experience with Henricia in 
the North Pacific has taught me to go carefully, because wide dif- 
ference in appearance is not a barrier to intergradation. However, 
in this case there is no alternative, because material is scanty. It will 
not be surprising if Henricia arcystata is a Philippine race of the 
Andaman H. mutans. As for H. densispina, the identification can 
only be made certain by a comparison with specimens from the type- 
locality. The type is certainly an immature form. I have no sug- 
gestions to offer as to the relationship of H. microplax. Its resem- 
blance aborally to H. sanguinoleuta is very superficial. I do not 
think its relations lie in that direction. 





1On the Echinoderm Fauna of New Zealand. Proc. Linn. Soc. New South Wales, 1898, 
pt. 3, Aug. 31. 
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The student will find the figures a more reliable means of identi- 
fication than the descriptions, which are susceptible of being mis- 
understood, or of being stretched to cover variations which they are 
not meant to include. 

HENRICIA DENSISPINA (Sladen). 
Plate 118, figs. 2,3; plate 119, figs. 1-3. 
Cribrella densispina SLADEN, 1879, p. 482, pl. 8, figs. 5-9. 

Diagnosis.—Rays 5, slender, either subcylindrical or depressed, tap- 
ering, rather long, but varying according to size; abactinal papular 
areas about same size, or larger than plates, sometimes including a 
secondary plate or two within the mesh; papulae usually 1 to 3; 
spinelets numerous, very delicate, ending in a sharp point or points; 
3 regular series of plates adjacent to adambulacral plates, the median 
the larger; adambulacral plates with 2 or 3 compressed spinelets in 
vertical series in furrow and upward of 25 on surface. R=53 
mm., r=7 mm., R=7.5 r; breadth of ray at base, 7 mm. 

Description—The meshes of the abactinal skeleton are smaller 
than in ZH. arcystata, with usually 1 to 3 papulae. Most of the 
meshes have no secondary plates and where these are present there 
are only 1 or 2. Although the trabeculae are narrow, as in arcystata, 
the spinelets are more numerous and fully twice as long, ending in 
several exceedingly delicate points. The abactinal surface has much 
the appearance of that of the less extreme specimens of Henricia 
leviuscula multispina Fisher, while arcystata would correspond to 
H. l. annectens, but with slenderer, generally smaller spinelets. 

Parallel to the adambulacral series are 3 regular rows of plates, 
the inner extending two-thirds to three-fourths the length of the 
ray, the other 2, the marginals, reaching to the tip. The actinal in- 
termediate and superomarginal plates are subequal, oblong to sub- 
circular, with 30-35 spinelets. The inferomarginals are larger, sub- 
triangular (the base distad and slightly excavated or concave) and 
correspond to the superomarginals in position and generally also to 
the intermediate plates, so that the three form a transverse series. A 
series of single papulae ocur intermarginally and inframarginally. 
Sometimes the inferomarginals have more the Y shape of those of 
arcystata, but in that case the spinelets are more numerous and 
longer. 

Adambulacral plates with 2 or 3 small compressed spinelets form- 
ing a vertical series on the furrow face. Subambulacral spines 10 
to 25 on proximal third of ray. An angular group of 6 to 8 con- 
forms to the angular furrow margin of the plate, of which 5 usually 
stand on the projecting margin while the other spines rapidly dimin- 
ish in length, the outer half of the plate being occupied by 15 to 20 
small spinelets, which grade into those of the actinal intermediate 
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plates. The longest spines next to furrow are equal to 1.5 adam- 
bulacral plates in length, and are shorter than in arcystata. The 
spines are webbed together by their bases, as also are those of the 
abactinal and marginal plates (but less conspicuously). In this 
form the adambulacral spines are very much more numerous than in 
arcystata, while the spines along the furrow margin are slightly 
shorter. 

Madreporic body situated at about the middle of r, variable in 
size, usually rather small, with few ridges which are closely covered 
with spinelets. 

Type-locality Straits of Korea (Sladen). 

Distribution—Straits of Korea; central part of Philippine Archi- 
pelago, 169 to 423 fathoms. 

Specimens ecamined.—Eleven, from the following stations: 

5510, Iligan Bay, north coast of Mindanao, 423 fathoms, gray mud, 
fine sand, bottom temperature 53° F.; 1 specimen. 

5517, 10.5 miles northeast Point Tagolo Light, Mindanao, 169 
fathoms, bottom temperature 54.3° F.; 1 specimen. 

5519, near 5517, 182 fathoms, globigerina, sand, bottom temper- 
ature 54.3° F.; 5 specimens. 

5528, 6.7 miles northeast Point Tagolo, depth and bottom unre- 
corded; 2 specimens. 

5524, 17 miles northeast Point Tagolo, 360 fathoms, sand, bottom 
temperature 52.8° F.; 1 specimen. 

5536, between Negros and Siquijor, 279 fathoms, green mud, bot- 
tom temperature 53.5° F.; 1 specimen. 

Remarks.—From station 5523 is a small specimen having R, 23 
mm., and r, 5 mm., hence almost exactly the size of the type of 
densispina, which, of course, is a young specimen. As a conse- 
quence the abactinal skeleton is much less open than in the specimens 
described above, and the spinelets are fewer. On the furrow face 
of the proximal adambulacrals are two spinelets. 


HENRICIA MICROPLAX Fisher. 
Plate 120, figs. 8, 5; plate 121, fig. 2; plate 132, fig. 3. 
Henvricia ‘microplaxz F1isHER, 1917), p. 91. 


Diagnosis—Rays 5. R=45 mm., r=7 mm., R=6.4 r; breadth of 
ray at base, 8 mm. Rays slender, depressed, slightly swollen at 
base; disk small with an interradial sulcus near margin. General 
appearance of abactinal surface similar to that of 1. sanguinolenta; 
superomarginal plates forming an inconspicuous series; inferomar- 
ginals in a regular conspicuous series; several series of actinal in- 
termediate plates at base of ray; adambulacral spines about 15, be- 
sides 3 or 4 on the furrow face of plate. 

13434—Bull. 100—19——29 
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Description.—The abactinal plates are much smaller and closer 
together than in densispina, the papular areas are smaller and have 
but one papula, and there are fewer, shorter, and slightly stouter 
spinelets, about 10 to 15 to each separate group and arranged in 2 
or 8 series. These plates are frequently crescent-shaped and 
sometimes two groups will be merged into one, partly surrounding 
a papular area. In densispina there are actually much fewer plates, 
which are larger and have a variable number of crowded spinelets— 
usually 25 to 50. 

Along the lateral face of the ray is a rather indistinct line of su- 
peromarginal plates, which are about twice as large as the adjacent 
intermarginal plates, 2 to 38 rows of which form a triangular 
area prolonged in a single series half the length of ray, beyond 
which point the superomarginals are adjacent to the inferomar- 
ginals. The latter are broader than long, perfectly distinct, 2 or 
3 times larger than the superomarginals, and are separated from 
the adambulacrals for three-fourths the length of ray by a series of 
actinal intermediate plates; a second series extends nearly half the 
length, a third about one-sixth, while 4 or 5 plates of a fourth 
series are present close to the interradial line. 

On the furrow face of the adambulacral plates is a vertical series, or 
sometimes a group of 3, occasionally 4, small spinelets. As a rule only 
the uppermost is visible when the furrow is closed naturally. Sub- 
ambulacral spines about 15 or 16 on proximal half of ray. Three 
form a triangular group on the margin and are spatulate, sometimes 
grooved at the end and much larger than the others. There are 
usually 2 smaller spinelets behind these, while the remainder form 2 
or 8 irregular series and are granuliform in appearance. 

Madreporic body situated at about middle of r fairly large, but 
inconspicuous on account of the ridges being covered with spinelets; 
striae radiating. 

Type.—Cat. No. 87006, U.S.N.M. 

Type-locality Station 5518, Mindanao Sea, off Point Tagolo, 
Mindanao, 200 fathoms, gray mud, globigerina, bottom temperature 
54° F.; 1 specimen. 

Remarks.—This species was taken in the general locality at which 
H. densispina was collected. There is no way to decide whether it 
is a variety of densispina, or a distinct form, on account of lack of 
material. The differences in the spines and abactinal plates have 
already been pointed out. In densispina the superomarginals are 
much more conspicuous, and are in contact with the inferomarginals 
for the length of the ray, there being only a few intermarginals on 
the disk. There is but 1 series of actinal intermediate plates, while 
in microplax there are several at the base of ray. This causes the 
inferomarginals to be bent outward so that they reach the interradial 
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line at the ambitus. The general facies of the two forms is different. 
Both, however, have 3 small spinelets in the furrow, and numerous 
subambulacral spines. In densispina the latter are more numerous, 
however, and the furrow margin forms a more prominent angle. 

This species differs from H. praestans (Sladen) in lacking the 
large primary meshes of the abactinal skeleton (which resemble those 
of H. mutans) and in having more than 1 spinelet on the furrow face 
of the adambulacral. Superficially at least there is considerable 
similarity between the actinal surfaces of the 2 forms. 


HENRICIA ARCYSTATA Fisher. 
Plate 118, figs. 4, 5; plate 119, fig. 4; plate 120, fig. 2; plate 182, fig. 4. 
Henricia arcystata FIsHER, 1917), p. 91. 


Diagnosis —Similar in general appearance to H. mutans (Koeh- 
ler), but with shorter rays, 2 or 3 spinelets on the furrow face of 
the adambulacral plates (instead of apparently 1), and with a dis- 
tinct series of Y-shaped inferomarginals and crescentic superomar- 
ginals)s R= 72 mm., r—=10 mm., R=7.2 r; breadth of ray at base, 
9 to 10 mm. Rays slender, depressed, curved at the end, tapering 
very slightly. ; 

Description.—Rays slender, depressed, and of the general form 
of those of H. mutans (but shorter), and the primary meshes of the 
skeleton usually smaller on the disk and proximal fifth of ray as 
in that species. In a specimen from station 5536 the meshes are as 
jarge on the disk as on the rays. These large meshes are irregular 
and contain 1 to 5 or 6 smaller plates which are not so prominent as 
the others, and form a secondary network separating fairly conspic- 
uous papulae, of which there are 1 to 5 or 6 in each primary area 
on the ray. The rather narrow skeletal pieces bear about 3 or 4 
rows of delicate, sharp, very small spinelets. 

Extending about four-fifths the length of ray adjacent to the 
adambulacral plates and corresponding to them is a series of inter- 
mediate plates, the elevated spine bearing txbulum being wider than 
long and covered with numerous sharp, short spinelets. The inter- 
vals between the plates are as wide as the length of the tabulum, 
rather deep and without papulae. External to these is a fairly reg- 
ular series of three-lobed or Y-shaped plates oriented with the arms 
transverse to the axis of ray. The vertical portion of the Y (which 
is very short) is parallel to furrow and separates a couple of papu- 
lae, this double series continuing to the end of ray. Adjacent to 
these is a series of smaller, mostly crescentic, plates, oriented 
obliquely, representing the superomarginals. Both series of mar- 
ginals have numerous tiny spinelets similar to those of the abac- 


440 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 


tinal surface. At base of ray there are 1 or 2 extra short intermediate 
series of plates and 1 short intermarginal series, sometimes extending 
a third of the length of ray. 

On the furrow face of the adambulacral plates, which are slightly 
wider than long, is a vertical series of 3 or 2 compressed spinelets. 
On the actinal surface are about 8 or 9 prominent spines of which 3 
form, usually, a triangle on the furrow inargin, 2 slightly shorter 
stand back of them, and 3 or 4 decidedly shorter, but much longer 
than the actinal intermediate spinelets form a group on the outer 
end of plate. The prominent spines are tapering, pointed, and about 
2 plates in length. The subambulacral spines form a bristling arma- 
ture along the borders of the furrow, notable by their superior length 
over all the other spines. 

The madreporic body is slightly convex, small, and situated at 
about the middle of r. The striae are few, transverse, and bear tiny 
spinelets, usually in a single series on the tep of the ridge. 

Type.—Cat. No. 37067, U.S.N.M. 

Type-locality.—Station 5536, between Negros and Siquijor, 279 
fathoms, green mud, bottom temperature 53.5° F.; 3 specimens. 

Distribution—Central part of the Philippine group, 279 to 530 
fathoms. 

Specimens examined.—F our ; besides the types, 1 from station 5219, 
between Marinduque and Luzon, 530 fathoms, green mud, bottom 
temperature 50.8° F. (typical). 

Remarks.—This slender-rayed form differs from H. mutans Koeh- 
ler in having well-defined marginal plates, and a vertical series of 
usually 3 spinelets on the furrow face of the adambulacral plate. The 
lowest of these 3 spinelets is close to the end of the ambulacral plate. 
T am uncertain whether mutans has more than the 1 furrow spine- 
let. In the description, the plates are said to have “3 spines on the 
inner edge directed into the furrow.” The furrow spinelets of 
arcystata are in a distinct vertical series and not on the furrow mar- 
gin as generally understood. In mutans the actinal plates are de- 
scribed and figured as being arranged without order. H. mutans 
was dredged near the Andaman Islands in 480 fathoms. 

From H. praestans (Sladen), arcystata differs in having the 3 
furrow spinelets, slenderer rays, less compactly placed actinal plates 
with larger actinal papular areas, and longer spines bordering the 
furrows. ‘This species was taken off the Crozet Islands in 210 
fathoms, and is a subantarctic form. 
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Family ACANTHASTERIDAE Fisher, 1911. 


Genus ACANTHASTER Gervais. 


Acanthaster Grrvats Dict. sci. nat., suppl., vol. 1, 1841, p. 470. Type, A. 
echinus (=A. planci Linnaeus. ) 


ACANTHASTER PLANCI (Linnaeus). 


Asterias planci LINNAEUS, Syst. Nat., ed. 10, Appendix, 1758, p. 823. Quotes 
Columna, Phytobasanos, pl. 38, fig. A-—VeERRILL, 1914a, p. 364; 19145. 
LO: 
Niece echinites ELLIS and SOLANDER, Nat. hist. zooph., 1786, pl. 60 to 62. 
Acanthaster echinus GERVAIS, Dict. sci. nat., suppl., vol. 1, 1841, p. 474. 
Acanthaster echinites LUTKEN, Vidensk. Medd., 1871, p. 292. 
Acanthaster planci VERRILL, 1914a, p. 373. 

The largest specimen, from Pangasinan Island, has: R=185 mm., 
r=85 m., 6 madreporic bodies, and 15 rays. The abactinal spines of 
the disk are of medium length (10 to 15 mm.), those of the distal 
two-thirds of the ray being much stouter and longer (25 mm.). 
The spines have prominent pedicels or columns to which they are 
articulated, and the abactinal pedicellariae are long and slender. 
There are generally 3 furrow spines of conspicuous size, with a 
very short, stubby spinelet at either or both ends; or in place of the 
adoral spinelet, a short, obtuse, slightly tapered two-jawed pedi- 
cellaria. A majority of the plates have a prominent compressed, 
tapered, two-jawed pedicellaria, about three-fourths as long as the 
longest furrow spine, situated on the furrow face of the plate, near 
the adoral edge. It is usually oriented so that the jaws are dorsal 
and ventral. The subambulacral and actinal intermediate spines are 
prominent and grooved on the outer side of the distal half or third. 

In the specimen from near Zamboanga, which is smaller than the 
last (R=130 mm.), the spines are all longer, the abactinal spines 
of disk being 20 to 25 mm. long and those near the end of the ray 
about 85 mm. There are 13 rays and 8 madreporic bodies. Furrow 
spines usually 8, sometimes 4. The prominent furrow pedicellaria 
is usually present. The subambulacral and actinal intermediate 
spines are slenderer and not so prominently grooved at the tip. 
The abactinal pedicellariae are long and slender (about 2.5 mm.). 

In the specimen from Cataingan Bay (R=160 mm.) the abactinal 
spines are still longer, being about 25 to 35 mm. in length on disk 
and 45 mm. on ray; rays 13; madreporic bodies, 4; furrow spines 
usually 8, with an adoral, rather prominent, pedicellaria, and an- 
other in the furrow. The subambulacral and actinal intermediate 
spines are tapered and grooved for a short distance at the tip. 

A relatively small example from Destacado Island (R=73 mm.) 
has long abactinal spines, 14 rays, and 5 madreporic bodies. 

Type-locality— Goa, Portugese India (Columna’s figure). 
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Distribution —Red Sea to the Philippine and Ryukyu Islands, 
Molucca Islands, Viti, Fiji, and Samoan Islands. 

Specimens exwamined.—Four : 

Pangasinan Island, vicinity of Jolo, coral reef; 1 specimen. 

Little Santa Cruz Island, vicinity Zambcanga, reefs; 1 specimen. 

Cataingan Bay, Masbate, coral reefs; 1 specimen. 

Lode Bay, Destacado Island, between Samar and Masbate, rocks 
and coral; 1 specimen. 


ACANTHASTER BREVISPINUS Fisher. 


Plate 117; plate 118, fig. 1; plate 131, figs. 6, 6a—d. 
Acanthaster brevispinus FISHER, 1917), p. 92. 


Diagnosis.—Resembling A. mauritiensis de Loriol, but differing in 
having the abactinal spines of disk reduced to mere spinelets, in 
having smooth or nearly smooth disk spines on both surfaces, and 
in having only 2 or 3 furrow spinelets, shorter than the length of 
their plate instead of decidedly longer. Rays 14 to 16. R=90 mm., 
tyra. rnd Oe 

Description.—Abactinal surface of disk beset with numerous, 
slightly tapered, skin-covered spinelets, 2 mm. or less in length. 
They frequently end in a slightly expanded three-edged, pointed 
tip. Most of the spinelet is smooth, but a few granules are found 
around the base of the spinelet proper and sometimés for a third of 
its length. On some of the spinelets the granules, which are hidden 
by membrane until dried, mount up one side nearly to the expanded 
tip. The spines of the rays are more widely spaced and vary from 
5 to 10 mm. in length. They increase in size toward the end of the 
ray and have a sparse fine granulation usually hidden by skin. In 
A. planci the spines are articulated to an elevated tabulum or column, 
but in this form the column is almost wanting. 

The abactinal spines are more numerous and much closer to- 
gether on the disk than in A. planci, as the abactinal skeleton has a 
closer mesh. Granulation of abactinal surface spaced and fine on 
disk, increasing in coarseness and density toward the margin. 
Abactinal pedicellariae small, two- or three-jawed, and 0.5 to 0.75 
mm. high. The jaws are thick, round-tipped, and the whole pedicel- 
laria may be nearly as broad as high. In A. planci the abactinal 
pedicellariae are very slender, the jaws being 3 to 6 times longer 
than the width. 

Furrow spinelets 2 or 3, occasionally 1, short, unequal, tapered, 
the longest generally a little shorter than its plate. When there 
are 3 the median is the longest. In the furrow, abactinad to the 
adoral furrow spinelet is a prominent two-jawed pedicellaria and 
about the same length as an average furrow spine. Its jaws are 
oriented dorsal and ventral. The subambulacral spines are about as 
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long as two plates, or a trifle less, slightly tapered, bluntly pointed. 

and sometimes faintly grooved on the outer side near the tip. 

The actinal intermediate spines (of which the innermost series 
extends nearly to end of ray) are about two-thirds the length of the 
subambulacrals on the disk, and subequal on the ray. On the disk 
the intermediate spines are in about 3 irregular chevrons, including 
that adjacent to the subambulacrals. Inferomarginal spines, 17 
or 18; superomarginal spines about 7, the longer 6 to 9 mm. in length. 
Actinal granulation rather coarse, though the skin magnifies the size 
of the actinal granules. This granulation is found also on the base 
of the spines, but not on the shaft. 

Mouth plates narrow, with usually 5 stout flattened spines, fol- 
lowed by 38 short spinelets, just back of which is a prominent 
suboral spine. 

Madreporic bodies, 3 to 5. 

L'ype.—Cat. No. 37027, U.S.N.M. 

Type-locality —Station 5149, off Sirun Island, Sulu Archipelago, 
vicinity of Siasi, 10 fathoms, coral, shells; 2 specimens. 

Remarks.—The differences between this form and A. mauritiensis 
and A. planci can be best appreciated if put in synoptical form. 

a. Adambulacral spines 3 to 5 ordinarily conspicuously longer than their own 
plate; spines at least of abactinal surface obviously granulated usually 
for nearly their whole length; abactinal pedicellariae with long, slender 
jaws. 

b*. Abactinal spines long, acicular, borne on high columns or pedicels belong- 
ing to the cruciform and rather widely spaced plates; spines of disk, 
including pedicels, one-third to one-fourth length of ray, measured 
along side; actinal spines with a fine granulation, or with a large part 
of the spine nearly smooth; subambulacral spine equal to about 3 adam- 
builders plates invlensth occasionally, 3.0220 22s eee A. planci. 

b*. Abactinal spines distinctly short, those of disk (including pedicel) not 
exceeding, and usually not attaining, one-sixth the length of ray, meas- 
ured along side; actinal spines witha course granulation covering greater 
part of spine, at least on one side; subambulacral spine less than 3 
sdambulacral plates inlengthi) 2228 2 ee A, mauritiensis. 

a’, Adambulacral spines 2 or 8, occasionally 1, not longer than their plate; 
abactinal spines of disk usually smooth for most of their length, with a 
three-edged tip, and usually less than one-twelfth the length of ray meas- 
ured along side; abactinal pedicellariae with short, thick jaws; actinal 
spines smooth for the greater part of their length; subambulacral spines 
equal to 2 adambulacral plates in length_________________- A. brevispinus. 

As compared with planci the disk spinelets of brevispinus are much 
more numerous, owing to the closer meshed skeleton, and are insignifi- 
cant in size. 

A, ellisti Gray is not well known. It is described by Perrier as 
having the spines disposed very nearly as in planci, but completely 
devoid of granules. The pedicellariae are very short. The rays are 
either 19 or 15, madreporic bodies 7, and the adambulacral furrow 
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spinelets are 2 or 3, nearly equal and divergent. Gray’s original 
diagnosis (1840, p. 281, Echinaster E'llisiz) states that the type, which 
is from South America, has 11 or 12 rays, 15 madreporic bodies 
(“dorsal warts”), and large thick spines. In his generic diagnosis 
of Echinaster (=Acanthaster, s.s.) he states that the spines are very 
long and covered with granular skin, and have generally a second 
articulation about one-third the length from base. This would in- 
dicate that both his £. ellisii and F. solaris are large-spined species 
with high pedicels or tabula, and granules on the spines. 


Family SOLASTERIDAE Perrier, emended. 


Genus SOLASTER Forbes. 


Solaster Forsrs, Mem. Wernerian Nat. Hist. Soc. vol. 8, 1839, p. 120. 
Type, Asterias endeca Linnaeus. 


SOLASTER TROPICUS Fisher. 
Plate 125; plate 126, fig. 2; plate 1338, figs. 2, 2a-b. 
Solaster tropicus F1isHER, 19138c, p. 221. 


Diagnosis —Rays 9 or 10; R=145 mm., r=53 mm., R=2.7-+-r; 
breadth of ray at base, about 85 mm. Disk large, rays fairly broad 
at base, tapering to a pointed extremity. Pseudopaxillae very small, 
well spaced, with 4 to 6 small spinelets; inferomarginal plates promi- 
nent, with numerous spinelets increasing very rapidly in size toward 
the inner or lower end of the compressed, transversely oriented 
tabulum or pedicel; distal marginals with mostly large spinelets 
only; furrow spines 5 or 6, rather long; subambulacral spines 5 to 
7, subequal in length to furrow spines but heavier; the inner end of 
the transverse comb is turned aborad, and the innermost spine is 
shorter than the second; superomarginal paxillae small, alternating 
with the inferomarginals. Resembling somewhat S. pawillatus, but 
with more numerous furrow spines, less conspicuous subambulacrals, 
heavier inferomarginal spinelets, less conspicuous superomarginals, 
and fewer paxillar spinelets. 

 Description.—Abactinal surface covered with very small pseudo- 
paxillae about 0.5 to 0.75 mm. in diameter and spaced 2 to 4 times 
their width. On the disk they bear 5 or 6 and on the ray about 4 
small prickly spinelets, united into a fascicular group by membrane. 
The paxillae are about 0.5 to 0.6 mm. in height and are relatively 
more widely spaced on the rays than on disk. On the sides of the 
rays they are arranged in slightly oblique transverse series. Papulae 
prominent. In each interradiaus midway between center and margin 
there is a streak or area where the paxillae are sparse. Abactinal 
plates delicate, 4-lobed in the small specimen but in the type often 
three-lobed, or in the form of rods. The plates of the lateral por- 
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tions of ray are united into transverse series independent of each 
other, or the lobes may touch, depending somewhat upon the amount 
of inflation of the integument. In the radial region, the plates are 
frequently independent, and small as well as medium-sized plates 
are present in the large incomplete meshes of the skeleton. These 
growing plates are oval, elliptical, or incipiently 3-lobed. 

In the small specimen the inferomarginals define the ambitus, but 
in the type they retreat slightly onto the ventral surface in the inter- 
brachium. Inferomarginals 48, compressed as in S. pawillatus with 
proximally a low fan-shaped pedicel, the width of which diminishes 
distad. Proximally, the spiniferous margin is about twice the height 
and bears about 30 spinelets, small at the outer end and increasing 
in length toward the inner, where 5 or 6 spinelets are 6 or 8 times 
the length of the outermost, sharp, and invested in pulpy membrane. 
On the outer part of the ray the pedicels become narrower and the 
larger spinelets occupy the greater part of the free margin, the small 
spinelets becoming greatly reduced in number, usually to a few at 
the upper or outer end. As compared with pawillatus the inner spine- 
lets of the inferomarginals are decidedly larger and are more as they 
are in S. borealis, but the spinelets are more numerous and the pedicels 
lower. In borealis the lateral spines are very conspicuous on the 
distal marginals. 

Superomarginals very small, with 8 or 10 spinelets, and situated 
usually above an interspace between 2 inferomarginals. 

Actinal interradial areas large, containing 6 chevrons of plates (4 
in small specimen), bearing each 5 to 8 pointed spines, heavily in- 
vested in membrane. These fascicles of spines are well spaced 
(usually about the length of the spines apart). Two series of inter- 
mediate plates extend to the eighth inferomarginal and a single 
series (each plate with usually only 1 spine) extends nearly to the 
tip of ray. 

Furrow spines, 5 or 6, the median slightly the longest, all united 
by web for two-thirds their length, the membrane often forming a 
spatulate pad at the tip of each spine. The spines are tapering, 
pointed, and rather long, being 14 to 14 the length of base line of 
comb, and long enough when erect to extend well above surface of 
plate. Subambulacral spines usually 5 to 7, tapering, pointed, basally 
webbed and heavily invested in membrane, about equal in length to 
the furrow spines, but much heavier. The inner spine is shorter 
than the other 4 or 5 and situated aborad of the transverse line made 
by the series; or 2 spines form a longitudinal series just back of the 
furrow series, and 3 or 4 others a transverse series across plate op- 
posite the interspace between first 2 spines. The subambulacrals are 
joined by a slight web to the furrow fan. 
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Marginal mouth spines, 11 or 12, the inner 3 of each plate pointed, 
long, the innermost as long as the base line of entire series; the outer 
8 or 9 much slenderer and shorter and decreasing in length toward the 
outer end of margin. Al] are united by membrane. Suboral spines 
about 10 (6 in small specimen), in an irregular series parallel to 
median suture. In the type they are smaller than the marginal 
spines, but in the small specimen the inner 1 or 2 are about as long 
as the fourth or fifth marginal spines. Along the median suture 
margin is a row of low papillae without a calcareous core. 

Madreporic body, 4 mm. in diameter, prominent, surrounded by 
about 6 pseudopaxillae, and situated its own diameter adcentral to 
the middle of r. 

Type.—Cat. No. 82647, U.S.N.M. 

Type-locality —Station 5654, Gulf of Boni, Celebes, 805 fathoms; 
bottom not recorded, bottom temperature 38.3° F. 

Distribution—Known only from Gulf of Boni and Molucca 
Passage. 

Specimens examined.—The type and a specimen from station 
5619, off Mareh Island, Molucca Passage, 485 fathoms, fine gray 
sand and mud. 

Remarks.—This species is allied to S. paxillatus Sladen, but proba- 
bly not very closely, while it also shows some resemblance to S. 
borealis Fisher, though it is not related to this form, unless remotely. 
The following differences separate tropicus from pawillatus: In 
tropicus the paxillae have fewer, relatively coarser spinelets; mar- 
ginal plates lower, with conspicuously heavier spinelets at the inner 
or lower end than at the upper or outer, and distal marginals occu- 
pied almost entirely by a relatively few large spinelets (somewhat as 
in S. borealis) ; in S. paxillatus the inner marginal spinelets are only 
a little larger than the outer, and the armature of the distal margin- 
als does not differ materially from that of the proximal; in tropicus 
the superomarginals are lower and less conspicuous, the furrow 
spines more numerous (5 or 6 instead of 3 or 4) and in large speci- 
mens the subambulacral spines are decidedly less prominent (sub- 
equal to furrow spines). TZvopicus differs from borealis in having 
less prominent marginal plates and much more numerous and smaller 
marginal spines, distinguishable superomarginal plates, more numer- 
ous and longer furrow spines and more numerous and longer sub- 
ambulacral spines. S. torulatus Sladen from north of the Kermadec 
Islands has less prominent marginals actinally situated, and with 
subequal spinelets; the furrow spines are shorter, the subambulacral 
spines fewer and in a straight series; the actinal interradial areas 
smaller, and the abactinal paxillar spinelets slightly more numerous. 
S. regularis Sladen has larger and more widely spaced paxillae, 
more prominent marginal plates, and the suhambulacral spines form 
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a straight series. S. subarcuatus Sladen has fewer inferomarginal 
spines (10-12), fewer furrow spines (3 or 4), and fewer oral and 
suboral spines. The species is said to resemble S. endeca, which 
S. tropicus does not. 


Genus CROSSASTER Miiller and Troschel. 


Crossaster MULiter and TroscHer, 1840a, p. 108. Type, Asterias papposa 
Linnaeus. 

The two genera, Solaster and Crossaster, have been united by 
most recent writers,: although in practice it is not very difficult to 
recognize them. Since new species of the Crossaster type are con- 
tinually being described, it is becoming more and more desirable to 
keep them separate. A good differential character is the presence 
in Crossaster of a complete membraneous interbrachial septum be- 
tween the internal interradial calcareous dorsoventral pillar and 
the margin. The pillar arises from the mouth plates and passes 
upward, its point of union with the abactinal skeleton being usually 
marked by a smooth spineless area. In Cvrossaster papposus be- 
tween this calcified buttress and the margin there is a definite 
septum separating the gonads of adjacent rays, while in Solaster en- 
deca, S. borealis, and S. abyssorum the pillar is present, but not the 
membranous septum; as a result the gonads of adjacent rays are 
not separated, and the coelom is continuous.? 


CROSSASTER SCOTOPHILUS (Fisher). 
Plate 124, fig. 1; plate 133, figs. 3, 3a. 


Solaster scotophilus FisHER, 19138c, p. 222. 

Diagnosis —Related to Crossaster papposus, but differing in being 
of a much more delicate habit, with more numerous furrow and sub- 
oral spines, smaller paxillae, smaller and more numerous marginal 
paxillae, and a much more delicate skeleton. Rays 9; R=48 mm., 
r=14 mm., R=3.4 r; breadth of ray at base 10 mm.; disk large, 
rays slender, flexible, tapering to a sharp point; skeleton delicate, 
open, irregular; paxillae small, the pedicel about 0.5 mm. high and 
the longest spinelets 1.25 mm. long; marginal paxillae 24 or 25, deli- 
cate; furrow spines very delicate, 8 or 9; subambulacral spines 7 to 9; 
marginal mouth spines, 15. 

Description.—Abactinal skeleton very open with widely spaced 
pseudopaxillae consisting of a low pedicel and ordinarily 15 to 25 
very slender and sharp glassy spinelets, short about the periphery of 
tabulum and increasing in length to the center where they are 3 or 

1For some of the reasons for uniting them see Fisher, 1911d, p. 389. Professor Ver- 


rill, 1914a, p. 259, recognizes Orossaster and remarks that “ the dorsal ossicles do not 
form definite, oblique, transverse rows on the sides of the rays as they do in Solaster.” 


2 Fisher, 1916a, p. 5. 
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4 times the length of the pedicel. There are 2 to 5 or 6 prominent 
papulae to each mesh. The primary plates have 4 slender lobes, 
which are connected to neighboring plates by upward of 4 or 5 ellip- 
tical overlapping ossicles, forming slender trabeculae. The meshes 
are not symmetrical and often several are confluent, especially on 
outer part of ray. 

Marginal plates 24 or 25 prominent, with compressed pedicel bear- 
ing 50 or more very delicate spines which are decidedly longer at the 
lower end of the pedicel than at the upper, being 14 to 14 times the 
width of the pedicel. The marginal spines are also shorter than the 
central, as in the case of the abactinal plates. Between 2 marginal 
plates are 1 to 3 small abactinal paxillae. The marginals define the 
ambitus on the ray, but at the base pass to the actinal surface, keeping 
close to the adambulacral plates in consequence of the small size of 
the actinal intermediate areas. 

Furrow spines very slender, 10 on the first plate, then 9, then 8 
or 9, and on the outer part of the ray, 6. The median spines are 
longest and about 14 to 2 times as long as the base line of comb, 
while the lateralmost are commonly only one-half as long as the base 
line, the intermediates being graduated in length between the two. 
They are united for about one-third their length by membrane. On 
the surface of the plate is an oblique, arcuate, transverse comb of 
7 to 9, usually 8 or 9, slender, basally webbed spines, the inner 5 or 6 
subequal and about 14 to 14 the length of the median furrow spines, 
but slightly stouter, the outer 2 or 3 considerably and progressively 
shorter. The spines are borne on an elongate slightly crescentic 
tumidity of the plate, the inner end of which is at the aboral furrow 
corner of the plate and the outer near the outer adoral corner. 
When the spines are spread fanwise with the points adorad (instead 
of being bent aborad and obliquely away from furrow) the base of 
the comb is nearly a semicircle and the special ridge has the appear- 
ance of a low pedicel comparable to the marginal pedicels but much 
less conspicuous. 

Mouth plates with 15 slender, marginal spines united basally by 
a web, and increasing in length from the outer toward the inner end 
of the plate, the innermost spine being as long as the base line of 
the marginal series. Suboral spines about 18, in a zigzag series the 
length of plate, basally webbed, and when standing erect forming a 
rather dense group on the companion plates, the ends of the spines 
rising well above the marginals (except the innermost to which the 
suborals are nearly equal). The spines, when separated, seem to 
form 3 oblique transverse series from ae median suture aborad 
toward the margin. 

Madreporic body situated a little nearer margin than middle of 
r, and with a large paxilla on the adcentral side. 
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Type—Cat. No. 82648, U.S.N.M. 

Type-locality —Station 5651, Gulf of Boni, Celebes, 700 fathoms, 
green mud, bottom temperature 38.7° F.; 1 specimen. 

Distribution—Known only from type-locality. 

Remarks.—The only species, besides Crossaster papposus, to which 
C. scotophilus shows close resemblance, are C’. penicillatus Sladen, 
from off Marion Island, 140 fathoms, and C. japonicus (Fisher) from 
the Sea of Japan. C. japonicus is of the habit of C. papposus, hav- 
ing large penicillate paxillae, and heavier spines generally than occur 
in scotophilus. From penicillatus, scotophilus differs in having much 
more numerous furrow spines (4 or 5 in penicillatus), more numer- 
ous marginal paxillae, and smaller and more delicate abactinal pax- 
illae. 

Genus LOPHASTER Verrill. 


Lophaster Vrrritt, Amer. Journ. Sci., ser. 3, vol. 16, 1878, p. 214. Type, 
Solaster. furcifer Diiben and Koren. 
LOPHASTER SULUENSIS. 
Plate 123, fig. 2; plate 124, fig. 3; plate 182, figs. 8, 8a. 
Lophaster suluensis F1IsHER, 1918c, p. 219. 

Diagnosis —Resembling L. furcilliger Fisher in general form but — 
with much lower paxillae, especially marginal, the pedicels being 
much shorter than the spines; inner or lower inferomarginal spines 
conspicuously longer than upper; furrow spines 5 or 6, rather long; 
subambulacral spines 3 or 4, heavier and longer than furrow spines, 
and equal to about 2 plates in length. Rays 5; R= 82 mm., r=—16 
mm., R = 5 r; breadth of ray at base, 19 or 20 mm.; rays slender, 
gradually tapering, bluntly pointed; abactinal surface arched; ac- 
tinal surface plane. 

Description.—Abactinal plates strongly 4-lobed, with a low ped- 
icel, bearing 7 to 10 tapering, thorny, pointed spines, the median 
slightly longer than the peripheral. The spines vary from 1 to 2 
mm. in length, while the pedicel is ordinarily about one-half the 
length of the spines, slightly wider than high on the rays and slightly 
higher than wide on central portion of disk. Papular areas of apical 
region with 5 to 7 papulae; those of proximal part of ray with 3 
or 4 papulae; those of distal portion of ray with 1 or 2. Counting 
across the base of ray there are about 18 longitudinal series of plates, 
rather irregular in the median radial region. 

Marginal paxillae comparatively small, the superomarginal de- 
cidedly smaller than the inferomarginal and usually alternating 
with them. The inferomarginal paxillae have low pedicels, about 
as high as broad, surmounted by about 15 to 18 spines of which 3 or 
4 on the side toward furrow are about 2.5 mm. long, while the others 
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decrease in size to about 0.75 mm. on the dorsal side of the paxilla. 
The proximal superomarginals have 12 to 15 spines and the pedicel 
is about two-thirds the height of the inferomarginal pedicels, while 
the tuft of spines is of about half the bulk of the inferomarginal 
spines. Actinal interradial areas small, the plates bearing 3 or 4 
spinelets and extending in a single series about two-thirds the 
length of ray. 

Furrow spines 5 or 6, usually 6, slender, tapering, webbed for two- 
thirds their length, the 4 median the longest, and about 14 times the 
length of base line of comb. Consecutive combs are separated by an 
interval equal to one-half to the entire length of the base line comb. 
Subambulacral spines 3 or 4, tapering, pointed, the outermost com- 
monly the longest, or the 2 or 3 outermost subequal and about twice 
as long as the median furrow spines, as well as much stouter, the end 
of the spines being sometimes a trifle swollen. They are united by 
web at the base only. 

Marginal mouth spines 12 or 13, webbed, and increasing in length 
toward the innermost. Suboral spines, 2 to 4 on the median suture 
margin near outer end of plate. 

Madreporic body prominent, situated at about the middle of r. 

Type.—Cat. No. 32646, U.S.N.M. 

Type-locality—Station 5428, Sulu Sea, off Cagayan Island, 508 
fathoms, gray mud, coral sand; bottom temperature 49.8° F.; 1 
specimen. 

Remarks.—This species is characterized, so far as the single speci- 
men allows one to judge, by the very low pedicels and relatively 
long spines. The marginal paxillae are small, but the subambulacral 
spines are unusually large. Z. sulwensis differs from L. furcifer in 
having longer, slenderer rays, longer paxillar spines, and relatively 
shorter pedicels, longer and unequal marginal paxillar spines, more 
numerous furrow spines, and very much longer subambulacral spines, 
the latter being longer than the marginal paxillae with their spines. 
The mouth plates of Z. sulwensis are larger, with more numerous and 
longer marginal spines (12 or 13). JZ. sulwensis differs from L. 
stellans Sladen, and L. abbreviatus Koehler (Antarctic species) in 
having a much less robust form, longer rays, more numerous furrow 
spines (4 short ones in ste//ans and 3 rather long ones in abbreviatus) 
and much more prominent subambulacral spines (longer, not shorter, 
than marginal paxillae with their spines). ZL. swlwensis resembles, 
in general form, more nearly 2 Antarctic species: Z. antarcticus 
Koehler and ZL. gaini Koehler, but differs in having 5 or 6 instead of 
4 furrow spines, and 12 or 13 instead of 7 or 8 marginal mouth 
spines. ZL. antarcticus has 20 to 40 paxillar spines and much less 
prominent subambulacral spines when compared either with the 
fairly long furrow spines or the more prominent inferomarginal 


STARFISHES OF THE PHILIPPINE SEAS. 451 


paxillae. Z. gaini has more prominent paxillar pedicels, less thorny 
paxillar spines, more prominent inferomarginal paxillae, and the 
actinal intermediate paxillae are reduced to about 4 in each inter- 
radial area. In LZ. sulwensis they extend at least two-thirds the length 


of the ray. 
Genus XENORIAS Fisher. 


Xenorias (subgenus) FisHeER, 1918c, p. 222. Type, Rhipidaster (Xenorias) 
polyctenius Fisher. 

Diagnosis.—Differing from Rhipidaster Sladen in the position of 
the marginal plates which are oblique, but instead of being parallel 
with one another are inclined at an angle of 45° and touch by the 
intermarginal ends, forming a series of chevrons along the side of 
ray. Abactinal plates and adambulacral plates essentially as in 
Phipidaster. 

XENORIAS POLYCTENIUS (Fisher). 
Plate 120, fig. 1; plate 128, fig. 1; plate 183, figs. 1, 1a—b. 
Rhipidaster (Xenorias) polyctenius FisHeEr, 1913c, p. 222. 

Diagnosis —Rays 7; R=50 mm., r=14 mm., R=3.5--r; breadth of 
ray at base, 12 mm.; rays slightly convex, tapering evenly to bluntly 
pointed extremity. Differing from PRhipidaster vannipes in having 
very much shorter abactinal spinelets invested in a common sheath; 
curiously compressed, obliquely oriented, lateral superomarginal 
and inferomarginal plates (with intermarginal ends adorad) bear- 
ing a transverse comb of webbed spines, those at the aboral end of 
each plate much larger than the others; furrow spines 9 or 10; sub- 
ambulacral comb of 4; abactinal integument pulpy, hiding the 
skeleton which consists of 3 or 4 lobed closely imbricated plates; 
papulae 1 to 3 to each mesh. 

Description—Abactinal surface covered with rather uniformly 
distributed fascicular tufts of small spinlets invested in a common 
pulpy sheath from which the tips of the spinlets protrude a short 
distance. These fascicles with their investment are about 1 mm. long 
and 0.75 mm. in diameter, and resemble tubercular projections of the 
integument. In those which appear to be nearly normal the in- 
vestment forms a collar surrounding the spinelets which are them- 
selves embedded in the central pulpy part of the sheath. These 
fascicles are spaced about once their own diameter, or less, on disk 
and base of rays, and are arranged in quincunx on the sides of the 
rays. Each pseudopaxilla consists of a low pedicel or convex plate, 
surmounted by 8 to 12, or sometimes fewer very delicate tapering 
glassy spinelets closely bound for their basal half by tissue, and 
ending in several very sharp glassy points. On the central part of 
disk and outer part of ray many plates have 5 or 6 spinelets. The 
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abactinal integument between the fascicles of spinelets is thrown 
into numerous irregular wrinkles. 

On the midradial region the abactinal plates have usually 3 trun- 
cate lobes and on the lateral region 4, by which they overlap strongly, 
the small meshes containing 1, 2, or rarely 3, papule. 

The marginal plates are conspicuous, low, transverse ridges 
oriented obliquely and bent aborad, so that each pair of marginals 
appears to form a chevron, the angle of which is toward base of ray, 
for the reason that the lower end of each superomarginal touches the 
upper end of the corresponding inferomarginal. A long series of 
chevrons thus occupies the side of each ray. Superomarginals 40. 
The spine-bearing crest has the appearance of being bent aborad and 
the upper end is in the form of a slight knob which bears 3 promi- 
nent, tapering, sharp, closely appressed spines (the median usually the 
longer), which, relative to the width of plate, are more prominent 
distally; 6 to 9 much slenderer, shorter spinelets continue this series 
to the lower end of the plate, and at the same time become shorter; 
these spines are united by a web. 

The inferomarginal plates are formed and armed just like the 
superomarginals, except that the long spines (3 or 4 in number) are 
at the lower or actinal end and are longer than the corresponding 
superomarginal spines, being slightly longer than the extreme width 
of plate. Three to 5 small spines continue this series toward the 
intermarginal line. The large inferomarginal spines are on the 
angle between the lateral and actinal faces of the ray, and proxi- 
mally a fourth spine is added to the actinal end of the series. The 
points of the spines frequently converge (the median being longest) 
and the group has then the appearance of Sladen’s figure of the 
“actinal intermediate” spines of R. vannipes. The inferomarginal 
series of X. polyctenius evidently corresponds to the series of plates 
described by Sladen as actinal intermediates. When the marginals 
are cleaned they are seen to be imbricated in their own series, the 
adoral end slightly overlapping the aboral end of the next plate 
toward the mouth. The plates are curiously formed and slightly bent, 
the outer end of each suggesting the end of a femur flattened or the 
dorsal end of a rib. The intermarginal end is narrower as if the bone 
had been cut off at that point. 

Actinal intermediate plates about 8 only, just back of the mouth 
plates, and bearing a very few spinelets. 

Furrow spines 9 or 10, distally 8, united by membrane for two- 
thirds their length into a prominent scoop-shaped fan very much as 
in 22. vannipes. The central 3 or 4 are longest, and are equal in length 
to about 14 the base line of the comb. On the surface of the plate is 
an oblique comb of 4 stouter, tapering, sharp spines, the 2 median 
the longest and slightly longer than the furrow spines. The sub- 
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ambulacral comb resembles the inferomarginal comb, and the arma- 
ture of the adambulacrals closely resembles that of 2. vannipes, except 
that the furrow spines are slightly more numerous. The actinal sur- 
face of the adambulacral plates is short and wide, the outer end 
underlying the ventral swollen end of an inferomarginal, to which 
the adambulacrals correspond in number. The surface midway be- 
tween the outer and inner ends bears an oblique tumidity for the 
reception of the subambulacral comb. The inner end of the plate 
- broadens fan-wise for the reception of the furrow comb. The sutures 
between consecutive plates are actinally 23 to 3 times the actinal 
length of the plate at its most constricted part. 

Mouth plates prominent and strongly convex at the outer end. 
Marginal spines 15 to 17, the 3 inner long, slender, pointed, and 
directed over actinostome, the remainder usually standing upright 
and much shorter and eaten They are united for about two- 
thirds their length by a web which is continuous between the series 
of companion plates. Near the inner end of the plate stands a 
slender, sharp, prominent, suboral spine adjacent to median suture 
and near its companion of the other plate; 3 shorter spines stand on 
the convexity near the outer end of plate midway between suture 
and furrow margins. 

Madreporic body medium-sized, with 3 plates close to margin, and 
situated at about the middle of r. 

Type.—Cat. No. 32649, U.S.N.M 

Type-locality.— PS ibn 5622, off Makyan Island, Molucca Islands, 
275 fathoms, gray mud; 1 specimen. 

Bee ion Known only from the type-locality. 

Remarks.—X enorias is more comparable to hipidaster than to 
any other known genus, and the most important difference has been 
indicated in the generic diagnosis. It may be well to mention other 
differences, which are not necessarily generic. The abactinal skele- 
ton of XY. polyctenius has small meshes, with generally only 1 papula 
to a mesh, while 2. vannipes has a wide-meshed, reticulated skeleton, 
with upward of 5, 6, or even more papulae to a mesh. In the latter 
the plates bear a penicillate tuft of 4 or 5 prominent, sharp spinelets, 
apparently free from thick membrane, while in polyctenius the spine- 
lets are very small and are immersed in a common sheath. 

The marginal plates of Xenorias are peculiar in their orientation. 
They are situated on the side of the ray and are oriented at an angle 
of about 45° to its long axis, in such a way (pl. 133, fig. 1a) that the 
inferomarginal forms a chevron with the superomarginal, pointing 
toward base of ray. The free end of each plate is larger than that 
meeting its fellow at the intermarginal line and bears the largest 
spines. 

13434—Eull. 100—19——30 
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Family MYXASTERIDAE Perrier. 
Genus MYXASTER Perrier. 
Myzxaster PERRIER, Comptes Rendus, vol. 101, 1885, p. 886. Type, VM. snl 


Perrier. 
MYXASTER MEDUSA (Fisher). 


Plate 134, figs. 2, 2a-c. 
Asthenactis medusa FISHER, 1913¢, p. 224. 


Diagnosis—Rays 9. R=225 mm., r=52 mm., R=4.3 r; breadth 
of ray at base, 25 mm. Rays very flexible, shghtly swollen at base, 
tapering, elevated, and somewhat trigonal in section; integument 
yielding, the plates very thin, and the skin soft and slimy; spinelets 
about 6 to a fascicle, the fascicles membrane invested and close-set 5 
adambulacral spines webbed, 9 or 10, the outermost belonging to the 
next, adoral, plate; mouth spines, 18 or 14, webbed. Differing from 
Myzxaster sol in having more numerous and longer mouth spines, a 
thicker skin, and 2 instead of 3 spines on the apophysis of each adam- 
bulacral plate. 

Description.—Abactinal plates very thin, imbricated, each bearing 
a fascicle of extremely delicate spines, usually about 6, although 
sometimes slightly more numerous, and resembling fine glassy hairs. 
The abactinal surface is covered with soft membrane, which forms an 
investment to the spines. The fascicles are 6 to 8 mm. long and 
spaced 2 or 83 mm. apart. The form of the plates is variable; some 
are four-lobed, others hourglass shaped. The figures will give a 
better idea of the form. Owing to the softness of the integument and 
the overlying slime I have not been able to discover any papulae on 
the outside, but an examination of the coelomic surface of a portion 
of the dorsal body wall shows single papulae in the interspaces be- 
tween the lobes of the plates. 

Adambulacral armature similar to that of Asthenactis papyraceus 
(but lacking, of course, the actinolateral membrane). Each curved 
oblique comb consists of 9 or 10 very delicate spines, webbed to their 
tips and increasing in length from the inner to the outermost, 
the last spine standing on an extension of the next adorally situated 
plate. The innermost spine is one-fourth to one-third the length 
of the outermost, and the latter is joined to the side of the ray 
by a flange-like extension of the web, about as broad at base as one- 
third the length of outer spine. This flange of tissue narrows rapidly 
in width up to the tip of the spine, and near the outer edge envelops 
a tiny fascicle of 2 or 3 setalike spinelets of a lateral plate. These 
are hidden by the membrane. 

Mouth plates large, with a straight median suture, the form and 
armature being shown by the figure. The marginal spines form 
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an angular series, the first to sixth or seventh being on the ac- 
tinostomial margin, the seventh or eighth on the angle of the plate 
at mouth of ambulacral furrow, and sometimes directed across 
mouth of latter, while the remaining 5 or 6 form a fascicle or 
group on the surface of the plate adjacent to the very short furrow: 
margin and to the first adambulacral comb. All the spines are 
joined by membrane, the innermost being nearly as long as median 
suture; the others decrease in length to the spine at the angle of 
plate, which is one-half the length of the median suture, while the 
longest of the remaining 5 or 6 spines is slightly longer, the others 
nearly as long. 

Madreporic body slightly convex, 6 mm. in diameter, and situated 
shghtly adcentral to the middle of r. The actinostome is wide 
(38 mm.) and the tube feet large, with large sucking disks. Gonads 
large, in a compact mass at base of ray. Apparently there are 2 
ducts, one opening near ambitus and another about one-third r from 
margin, on the interradial line. The eggs are large, 1 to 2 mm. 
in diameter. A membranous interbrachial septum is present. It 
extends about one-third r from margin toward center of disk, and 
not so far as the inward extension of the gonads. 

Type.—Cat. No. 82650, U.S.N.M. 

Type-locality—Station 5605, Gulf of Tomini, Celebes (lat. 0° 21’ 
32’’ N.; long. 121° 34’ 10’’ E.), 647 fathoms, bottom not recorded. 

Remarks.—In the original description, I suggested that this species 
might really belong in A/ywaster, if the type of that genus should 
be found to possess the same peculiarity in respect to the disposi- 
tion of the adambulacral spines. On account of the structure of the 
adambulacral plates, I placed medusa in Asthenactis, in which each 
adambulacral fan is divided between 2 plates, the outer spines of 
each series standing on an oblique aboral extension or apophysis of 
the next adorally situated plate. No mention of this highly char- 
acteristic arrangement of plates and spines was made by Perrier in 
his description of Mywaster sol. In June, 1914, I examined the 
type of this species at the Museum d’Historie Naturelle of Paris. 
In Myzxaster sol the adambulacral plates are constructed essentially 
as in If. medusa, 3 spines, as a rule standing on the apophysis, while 
5 or 6 continue the series on the body of the next aboral plate. 

It becomes evident, therefore, that the structure of the adambu- 
lacral plates and the peculiar arrangement of spines are the same in 
both Asthenactis and Mywaster, and that the presence of an actino- 
lateral membrane is the one trenchant character which separates 
Asthenactis from Myzaster. 

Myzxaster medusa differs from M. sol in having a much thicker 
skin, which completely hides the underlying plates; the mouth plates 
are broader, with a broader actinostomial margin and a decided angle 
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to the plate at mouth of ambulacral furrow; the mouth spines are 
13 or 14 instead of 8, and the outer spines form a fascicle on the sur- 
face of the plate near the margin, instead of a series, without a web, 
on the margin. The apophysis of the adambulacral platen in medusa, 
has 1 long spine; in sol, 3. There seems to be a difference in the 
form of the plates of the abactinal and lateral surfaces of the body, 
but it is not possible to determine how constant this is. 

The family Myxasteridae includes only 3 genera, Myxaster, Asthe- 
nactis, and Pythonaster.* 


Family PTERASTERIDAE Perrier. 
Genus PTERASTER Miiller and Troschel. 


Pteraster MiitterR and TRoscHEL, 1842, p. 128. Type, P. militaris (O. F. 
Miiller). 
PTERASTER CORYNETES Fisher. 


Plate 127, figs. 2,3; plate 128, fig. 1; plate 133, figs, 5, 5a. 
Pteraster corynetes FisHER, 1916), p. 28. 


Diagnosis.—Abactinal surface resembling superficially that of 
P. pulvillus; probably more nearly related to P. semiéreticulatus. 
Paxillae with low pedicel surmounted by 7 or 8 longer, radiating, 
peripheral spinelets surrounding a central shorter one; tips of periph- 
eral spinelets united by fibrous tissue; spiracula a lines between 
spinelets; no deposits in supradorsal membrane; furrow fans with 7 
spines (distally, 6); actinolateral spines stout, the tips defining am- 
bitus; 5 oral spines, the 10 united by a continuous membrane; suboral 
spine may be entirely lacking; when present, slender, tapering. Rays 
5; R=24 mm., r=13 mm., R=1.8 r; breadth of ray of base, 14 or 15 
mm.; thickness of disk, 9 mm. 

Description——Abactinal surface resembling somewhat that of P. 
pulvillus and also that of P. seméireticulatus. Supradorsal mem- 
brane very thin, so that the 7 or 8 widely radiating peripheral spine- 
lets of each paxilla can be easily seen, a much shorter erect spinelet 
occupying the center of each circle. The paxillae, in consequence, 
have a stellate appearance, and a peripheral fibrous band connects 
the tips of all the spinelets (except the central), marking off the 
abactinal surface into areas, somewhat as in semireticulatus, but 
these bands are not at all conspicuous, except on the sides and outer 
half of ray. Between any 2 radiating spines is a linear series of 4 
to 7 spiracula, usually quite.small. Pedicel of paxillae short and 
stout on the rays, being about half the length of the peripheral spine- 
lets, which are also stout, and tapered from the truncate, minutely 
denticulate lip toward the base. They resemble little clubs with 





1 Verrill, 1914a, p. 204, has made a special family of Pythonaster, but without diag- 
nosis. I do not know in what particulars, therefore, it differs from the Myxasteridae. 
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spiny tips, whence “ corynetes.” On the largest paxillae, at base of 
ray, the peripheral spinelets are a trifle short of 2 mm. long, while 
the central, clavate, truncate in form, is about 1.5 mm. long. There 
are no deposits in the supradorsal membrane. Osculum small, closed, 
the special spines forming a low protuberance. 

Adambulacral combs with 7 spines, the inner end of each series, 
comprising the first 3 spines, bent obliquely downward and aborad. 
The inner spinelet is very short, one-half to two-thirds as long as 
the second; the second, two-thirds the length of the third; the next 
4. increasing slightly in length, the outermost being generally the 
longest, although the difference in the length of the outer 3 is not 
great. Membrane between the spines, which are sharp, slightly 
emarginate. Aperture and papilla small, the papilla broad, and 
round-tipped. Distal combs with 6 spines. 

Mouth plates with 5 marginal spines, increasing rapidly in length 
trom the outer, which is short, toward the innermost, which is half 
again as long as the median suture. AJ] 10 spines of each mouth pair 
united by a continuous membrane. Three pairs of plates are entirely 
without suboral spines; one pair has a spine on 1 plate, while the. 
fifth mouth angle has a suboral spine on each plate. This spine is 
nearly as long as the inner marginal spine, and is slender, tapering, 
with a sharp hyaline tip. 

Actinolateral membrane broad, the margin defining ambitus, but 
not forming a conspicuous fringe. The tips of most of the actino- 
lateral spines can be seen from above. Actinolateral spines stout, the 
tip slightly flaring as a rule and truncate; sixth spine reaching mar- 
gin of membrane. The first 5 spines meet or cross the tips of their 
fellows of adjacent ray along the interradial line. Owing to propor- 
tions of r to R, the actinal interradial areas are not very board, al- 
though the entire actinal floor outside the adambulacral fans is oc- 
cupied by the actinolateral membrane. At the sixth actinolateral 
spine, half the distance from furrow margin to ambitus is occupied 
by the adambulacral fans; at middle of ray, measured along side, a 
little more than half. 

Type.—Cat. No. 37014, U.S.N.M. 

Type-locality—Station 5623, Molucca Passage, 7.5 miles northeast. 
Makyan Island (lat. 0° 16’ 30’’ N.; long. 127° 30’ E.), 272 fathoms, 
fine sand, mud; 1 specimen. 

Distribution—Known only from the type-locality. 

Remarks.—In my key to the species of Pteraster (1911d, p. 368) 
Pt. corynetes belongs to the second section, although the rays are 
slightly longer than in the other species. Among those species having 
all the oral spines united by a continuous membrane, only 5 are 
comparable with corynetes, namely pulvillus, temnochiton, rugatus, 
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semireticulatus, and ingolfi, to none of which it is closely related. 
The following synopsis will contrast the characters: 


a’. Adambulacral combs with 5 to 7 spines. 
b*. Suboral spine, when present, slender; aperture slits small; no deposits 
in supradorsal membrane. 

c’. Paxillae with high pedicel and 5 to 15 spines; R=1.3 r; actinolateral 
membrane narrow, not defining ambitus; suboral spines always pres- 
CT Gy ae Ea a ENE NEI cd Ow 2 a eet Ras asd RRL oe sR pulvillus. 
c’. Paxillae with low pedicel and about 8 spines; R=1.8 r; actinolateral 

membrane defining ambitus; suboral spines absent from some plates. 


corynetes. 
b*. Suboral spine with 3 sharp edges; aperture slits unusually large; minute 
branched rods in supradorsal membrane__________________ temnochiton. 


a’. Adambulacral combs with 8 to 5 spines. 
b*. Adambulacral spines usually 8, sometimes 4, short, scarcely projecting 
beyond: web's) ss 4 peas Ce RRR ee Re a rugatus. 
b*, Adambulacral spines 8 to 5, usually 4, projecting far beyond web. 
c*, R=1.75 r+; dorsal membrane thin, evidently reticulated. 
semireticulatus, 
ce”, R=1.4 r+; dorsal membrane thick, not at all reticulate______ ingolfi. 
Three species are said to lack the suboral spine entirely: per- 
sonatus, sordidus, and reductus. It is not possible to determine 
whether the three suboral spines in the single specimen of corynetes 
are abnormally present. The species differs, however, from perso- 
natus and sordidus in having more numerous adambulacral spines, 
and from reductus in having only five oral, and fewer paxillar spines. 
P. sordidus has a straight series of adambulacral spines, the inner 
4 of the 6 oral spines are webbed independently, and the actino- 
lateral membrane interradially extends beyond the true margin of 
the ray. All three forms are from the east Atlantic. 


PTERASTER OBESUS MYONOTUS Fisher. 
Plate 127, fig. 1; plate 128, fig. 3; plate 183, fig. 4. 
Pteraster obesus myonotus FIsHER, 1916), p. 28. 


Diagnosis.—Closely related to P. obesus Clark of Japan and re- 
sembling superficially P. pulvillus Sars. Differing from obesus in 
being nearly pentagonal in form; in having a fairly tough supra- 
dorsal membrane in which there are well-developed bands of muscle 
forming a reticulum of hexagons and triangles, and in having fewer 
paxillar spines. R=28 mm., r=24 mm., R=1.2 r; height of disk 18 
or 19 mm. 

Description—The general form is nearly pentagonal, there being 
only slight interradial indentations, and the disk is thick and cush- 
ionlike. Supradorsal membrane fairly thick and bristling uni- 
formly and thickly with the tips of the paxillar spines which raise 
the membrane or project about 1.5 to 2 mm. above the general level. 
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The apexes of these projections (there being usually three spine-tips 
to each) are connected by strong muscle bands so as to outline more 
or less regular hexagonal spiracular areas, in the center of which a 
single spine (the central one of a paxilla) projects, and this is con- 
nected by radiating muscle bands, somewhat weaker than the others, 
with the 6 peripheral projections outlining the area. Six, more or less 
evident, triangular subareas are thus formed. Each hexagonal area 
contains 50 to 60 small spiracles. The spiracular areas and bristling 
spines extend to and occupy large actinal interradial areas, as the 
actinolateral fringe is narrow. Osculum of conspicuous size sur- 
rounded by a fringe or web forming a truncated cone 3.5 mm. high 
and about 7 in diameter at base; aperture slightly stellate. Pseudo- 
paxillae with tall pedicels (4 mm.’on radial areas) and with usually 
7 (sometimes 1 or 2 more) slender, webbed spinelets, subequal to or a 
little shorter than the pedicels, which have 4 short lobes at the base. 
No calcareous bodies in supradorsal membrane. 

Adambulacral spines 5 (6 on first few plates), the innermost very 
short and the succeeding spines increasingly longer, all united by a 
web, which extends to tip of spines but is rather deeply emarginate 
between. Aperture about a third as long as outermost spine. The 
latter is connected by a web to the actinolateral membrane, which is 
‘narrow as in odesus and of nearly uniform width except near the 
extremity of ray, its spines being subequal in length and one-third 
to one-half again as long as the outermost adambulacral spine. 
Tube feet in 2 series; furrow rather narrow, about two-thirds width 
of actinolateral membrane. 

Mouth plates with the innermost of the 7 or 8 free oral spines flat- 
tened and truncate, and one-fourth to one-fifth as broad as long. 
The next is three-fourths as long, much slenderer, slightly tapered, 
and flattened. The next 3 or 4 are about three-fifths as long as the 
second and quite slender. Two similar spinelets are placed above 
the outer 2 marginal spinelets, really on the edge of the actinal face 
of the plate, making a group of 4 at the mouth of the furrow. Sub- 
oral spine sharp, much more robust than inner oral spine and 
one-fifth longer. The distal half is hyaline, tapering, three-edged. 

Young.—A specimen from station 5483 has been referred, not with- 
out some hesitation, to this species. Its dimensions are: R=13 mm., 
r=9.5 mm. The rays are more apparent than in larger examples, 
and on either side of the tip of each is a conspicuous brown spot. 
The supradorsal membrane is tough and the muscle bands of the 
adult are well developed, though the projections are much more 
irregularly distributed than in the type and the hexagonal areas are 
not apparent. The spiracles are less numerous but are conspicuous, 
the rim of each being brown. The mouth plates have 6 or 7 oral 
spines, the innermost being relatively a little slenderer than in the 


460 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 


adult, but the small outer spinelets are placed on 2 slightly different 
levels as described in the type. Most of the adambulacral plates 
have 5 spines joined by a transparent web. This specimen can be 
readily separated from P. obesus on the character of the reticulated, 
fairly thick, supradorsal membrane. 

Type.—Cat. No. 37015, U.S.N.M. 

Type-locality—Station 5518, Mindanao Sea, off Point Tagolo, 200 
fathoms, gray mud, globigerina; bottom temperature 54° F.; 1 
specimen. 

Distribution Mindanao and Surigao Seas, and vicinity Philip- 
pine Islands, 74 to 279 fathoms, mud. 

Specimens examined.—In adduaen to the type, 7 from the follow- 
ing stations: 

Station 5483, Surigao Strait, east of Leyte, 74 fathoms, sand, 
broken shells; 1 specimen. 

Station 5523, 6.7 miles northeast Point Tagolo Light, Mindanao 
Sea; 1 specimen. 

Station 5536, between Negros and Siquijor, 279 fathoms, green 
mud, bottom temperature 53.3° F, 

Remarks.—I have given this form the status of a subspecies be- 
cause it is obviously very close to obesus and is separated from it by 
what may be termed minor characters. In other words it seems to 
be a “small species.” Pteraster obesus is known only from a single 
specimen from Sagami Bay, Japan. In my key to the species of 
Pteraster (Asteroidea of the North Pacific, pt. 1, p. 8368) the present 
race would be placed next to obesus under e? with the following dif- 
ferential characters: 





f. No supradorsal reticulations ; paxillar spines 8 to 10 or more; R=1.4 r. 


obesus. 
f”. Well developed supradorsal reticulations; paxillar spines usually 7 (or less 
CLL Sary HO) 5, Se 2h ye a a sm ac myonotus. 


The disposition of the outer, small, oral spinelets of myonotus, 
which appears to be constant, may be a further difference. 

The “key,” referred to above, will show by the position assigned 
to myonotus, the principal characters by which the new form differs 
from others species of Pteraster. 


Genus RETASTER Perrier. 
Retaster PERRIER, Nouy. Archiv., 1878, p. 56. Type, Pteraster capensis Gray. 
RETASTER INSIGNIS Sladen. 


Retaster insignis SLADEN, 1882, p. 200; 1889, p. 482, pl. 76, figs. 83 and 4; 

pl. 77, figs. 11 and 12. 
In the largest specimen from station 5253 R=74 mm. and r 
about 86 or 837 mm. The specimen agrees fairly well with Sladen’s 
description of R. insignis. There are 3 or 4 spinelets to each 
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pseudopaxilla, the longest about 3 times the length of the pedicel. 
The long spinelets, which push up the supradorsal membrane and 
form protuberances, are in groups of 4 (sometimes 2 or 3, and in a 
few cases, near the osculum, 5). Each spinelet of a group belongs 
to a different pseudopaxilla, so that ordinarily 4 pseudopaxillae con- 
tribute a spine to each protuberance, the center of the rhomboidal 
spiracular areas (marked by the center of the cross mentioned by 
Sladen) being directly above a pedicel. The pedicel which springs 
from a strongly cruciform base is 2 mm. high, and an average spine- 
let 6.5 or 7 mm. long. In the radial region of the disk each of the 4 
triangular areas, into which the rhomboidal spiracular areas are sub- 
divided, contains 18 to 30 pores which in the alcoholic specimen have 
very dark brown rims. The actinolateral spines and their web form 
a vertical palisade about 8 mm. high near the mouth plates. The 
first few adambulacral plates have 6 spines to each comb, the rest 5. 
The mouth plates have 8 or 9 marginal spines, webbed to the tip, 
and the innermost is commonly slightly shorter than the second and 
is usually connected, not with its fellow of the adjacent plate, but 
with the suboral spine of its own plate, the web extending halfway 
to tip of latter. This suboral spine stands back of the 2 inner mar- 
ginal spines and is 7 mm. long. In Sladen’s type of 2. insignis the 
suboral spine is not connected with the marginal. The first adambu- 
Jacral combs of adjacent rays (commonly with 7 spines) are webbed 
together over the outer end of the prominent mouth plates. 

I have examined a specimen of 2. cribrosus (M. C. Z. No. 963), 
a species with which insignis has been lately merged. It seems to me 
that the two are perfectly distinct. In true eribrosus the cross men- 
tioned by Sladen as characterizing the spiracular areas is absent and 
the much fewer pores (about 35) are pretty evenly distributed—not 
segregated into triangular subareas. At the nodal points of the 
meshes of the supradorsal membrane 2 spines project, sometimes 1 
or 3. There are only 3 furrow spines; 1 (not 3) stands on the furrow 
margin, while the other 2 form a transverse series with the actino- 
lateral spine. 

Type.—tiIn British Museum. 

Type-locality—Arafura Sea, 25 fathoms. 

Distribution—Philippine Islands; Amboina; Banda Sea; Arafura 
Sea; Torres Straits; Thursday Island; Port Jackson and Port Molle, 
Australia; Samoa. 

Specimens examined.—Four, from the following stations: 

Station 5144, vicinity of Jolo, 19 fathoms, coral sand; 1 specimen. 

Station 5252, Gulf of Davao, Mindanao, 1.5 miles southwest Linao 
Point, 28 fathoms, coral; 1 specimen. 

Station 5253, same locality, depth, and bottom; 1 specimen. 

Station 5356, North Balabac Strait, Palawan, 58 fathoms, sand, 
shells; 1 specimen. 
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Genus DIPLOPTERASTER Verrill. 


Diplopteraster VERRILL, Amer. Journ. Sci., vol. 20, 1880, p. 400.—FISHER, 
1911, p. 870. Type, Pteraster multipes Sars. 


DIPLOPTERASTER MULTIPES PATAGIATUS Fisher. 
Plate 130, fig. 2. 
Diplopteraster multipes patagiatus F1sHER, 1916), p. 28. 


Diagnosis —Closely resembling D. multipes, but differing in hay- 
ing narrower paxillar areas (exclusive of actinolateral membrane) 
and in having the same number of spines in both sorts of furrow 
combs (or if an unequal number, then one more in the nonprominent 
combs instead of one less, as in multipes); adambulacral spines 
longer. R=95 mm.; r=60 mm. (measured to edge of actinolateral 
membrane) ; R=1.5 r; r=50 mm., measured to edge of paxillar area; 
breadth of paxillar area at interradius, 50 to 57mm. In patagiatus 
breadth of paxillar area at interradius=60 per cent or less of R; in 
multipes it equals 80 per cent, or more, of R. 

Description—The dorsal surface closely resembles that of mud- 
tipes. The pseudopaxillae have pedicels slightly longer than the 
2 central spines and decidedly longer than the 7 to 9 peripheral 
spines. There are usually about 7 spiracular areas radiating from 
the prominent central spines of a paxilla, with 6 to 9 spiracles to 
each (thus fewer than in similar large examples of multipes; see 
Fisher 1911d, p. 871). The actinolateral membrane forms a fleshy 
border to the entire ray, projecting beyond the paxillar area, so 
that in life the contour of the specimen was probably nearly pen- 
tagonal. Paxillar areas, broadly petaloid, convex, sharply differ- 
entiated from the patagial membrane. 

Adambulacral spines slightly longer than in multipes. This is 
very apparent upon comparison of specimens but is a little difficult 
to describe. In multipes the longest spine of a comb equals the 
length of 4 adambulacral plates, measured along the edge of fur- 
row; in patagiatus the longest spine equals 5 to 5.75 plates, in each 
case starting with the adoral margin of the plate upon which the 
spine has been measured, and omitting the fleshy flap of tissue at the 
tip of spine. The number of spines along the ray, beginning with 
the first plate, runs as follows, a star marking nonprominent plates: 
6, 6*, 6, 6*, 6, 6*, 5, 5*, 6, 6*, 5, 6*, 5, 6*,5,5*, ete. In the nonprominent 
combs the first or inner 2 spines are ordinarily short, the innermost 
the shortest, while the next 4 are abruptly longer and subequal or 
increasing slightly in length toward the outermost, which equals as 
stated above, 5 to 5.75 adambulacral plates measured along edge of 
furrow (rarely 6). When there are 6 spines to a prominent plate 
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the innermost is usually abruptly much shorter than the other 5, 
which are subequal or increase slightly in length toward the outer- 
most. The spines of both kinds of combs are normally webbed be- 
yond their tips, each spine being prolonged by a fleshy sacculus; but 
in most cases this is destroyed. 

Mouth plates with 6 or 5 oral spines, united by a web to the tips, 
and the 2 series united by membrane. Inner oral spine 10 mm. long, 
while the length of the straight suture between the mouth plates, 
to outer beaklike projection is 7.5 mm. Suboral spine slenderer 
than inner oral spine and 8 mm. long. 

Madreporic body large, convex, 10 mm. in diameter by 7 mm. high. 
There is a stout pedicel arising from the outer side near the edge, 
while in multipes the pedicel is at the edge. In some species of 
| Retaster and Pteraster this paxilla arises from the summit (see 
Fisher, 1911d, p. 370, footnote). 

Tgne eae No. 37016, U.S.N.M. 

Type-locality.—Station 5656, Gulf of Boni, Celebes (lat. 3° 17’ 
40’ §.; long. 120° 36’ 45’’ E.), 484 fathoms, gray mud, bottom tem- 
perature 41.2° F. 

Distribution.—Known only from type-locality. 

Remarks.—D. verrucosus (Sladen) differs in having 15 paxillar 
spines and short adambulacral spines—much shorter than in mul- 
tipes, while in D). peregrinator (Sladen) the central paxillar spines 
do not protrude beyond the rest, and the supradorsal membrane is 
not conspicuously spiny. The former species was dredged from the 
Atlantic entrance to the Strait of Magellan, while the latter was 
taken off Cumberland Bay, Kerguelen Island. 

This race or small species is a long way geographically from its 
nearest known relative. D. multipes, differing in some particulars 
from typical Atlantic specimens, has been taken in Suruga Gulf, 
Japan, 475 fathoms, bottom temperature 39.1° F. (see Fisher, 1911d, 
p. 372). 


Genus HYMENASTER Wyville-Thomson. 


Hymenaster WyviLttE-THoMSON, Depths of the Sea, 1873, p. 120. Type, 
HH. pellucidus Thomson. 


HYMENASTER RHODOPEPLUS Fisher. 


Plate 129; plate 130, fig. 1; plate 133, fig. 6. 
Hymenaster rhodopeplus FisuHeEr, 1916), p. 29. 
Se —Closely resembling H. nobilis Sladen but differing in 
having 7 instead of 6 rows of paxillae to each ray, in having a stouter 
and longer adambulacral spine (much longer than aperture papilla), 
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and in having 2 acicular suboral spines to each plate (instead of 1 
resembling an aperture papilla). Marginal contour pentagonal; 
R=82 mm., r=55 mm.; breadth of paxillar area at base, 35 mm.; 
distance from center of disk to margin of paxillar area on interradial 
line, 30 to 32 mm. 

Description—General appearance of abactinal surface very similar 
to that of H. nobilis, the paxillar areas being raised above the level 
of the very fleshy lateral membrane, and paxillae usually with 3 
spines oriented as in nobilis. But there are 7 series of paxillae, 
instead of 6, to each ray, and in proportion to the 2 lateral, or outer, 
series of each side, the radial and either adradial are smaller than in 
nobilis. In rhodopeplus the paxillae of the 3 median series are 
abruptly smaller than the marginal paxillae, while in nodzlis the 
paxillae are nearly uniform in size so far as outward appearance is 
concerned; at least there is no sharp break. Pedicel of superomar- 
ginal paxillae near base of ray 3 mm. long, spines 7 mm.; pedicel 
of radial paxilla, 1.75 mm., longest spine 6 mm., shortest 3.5 mm. 
The 3 spines are usually unequal on the radial and adradial paxillae, 
sometimes but much less often also on the marginal. Supradorsal 
membrane rather thin, but thicker between the spines of a paxilla 
than between the paxillae. Spiracula in lines around the paxillae 
but never among the spines of a paxilla, these lines meandering and 
joining to form an irregular meshwork. Extending laterally upon 
the interradial membrane from margin of paxillar area are about 
15 to 20 linear spiracular tracts, such as occur in nobiles, the longest, 
the fifth or sixth, at about the middle of R, being one-half or two- 
thirds the width of the paxillar area. Some of these linear areas are 
branched once. Oscular orifice large, the bases of the oscular valves 
being raised above the general level of the paxillar area. The spines 
of the valves are about 1.5 times the length of the outer spines of the 
same paxilla; the membrane between the 2 sets of spines with a 
moderate number of paxillae. 

Adambulacral armature consisting of a single (but on first plate, 2) 
slender tapering sharp spine (the point of which is frequently 
broken), normally much longer than the calcareous portion of the 
aperture papilla, and sometimes exceeding twice its length. A sac- 
culus is present, but mutilated, owing to injury of the specimens in 
the net. The aperture papilla is broadly ovate to obovate, usually 
asymmetrical, and relatively large. Tube feet large, in 2 rows; pur- 
ple, with a small light-brown sucking disk. 

Armature of mouth plates consisting of 3 or 4 slender, tapering, 
sharp marginal spines, the series directed across mouth of furrow 
and spaced from the inner end:+of plate. These spines are very 
similar to the adambulacral spines and are either subequal or the 
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spines at either end of the series are the longest. Two stout, tapering, 
sharp, suboral spines, much longer and stouter than the marginal, 
stand close to the median suture, the inner fairly on the actinostomial 
margin; the outer is slightly the longer and about as long as the 
straight median suture of the mouth plates, or sometimes only three- 
fourths as long. 

Actinolateral membrane fleshy, thick, obscuring the very delicate 
actinolateral spines, which increase in length and nearly meet in the 
interradial line, up to the eleventh or twelfth spines, which are the 
longest. From here on the tips of the spines of adjacent rays become 
more and more separated, although the next 10 are nearly subequal in 
length. Near the end of the ray the spines project slightly at the 
edge of the actinolateral membrane. 

Color in alcohol, bright pink, lighter on paxillar areas. 

Type.—Cat. No. 37017, U.S.N.M. 

Type-locality —Station 5606, Gulf of Tomini, Celebes (lat. 0° 16’ 
28’’ N.; long. 121° 33’ 30” E.), 834 fathoms, green mud; 2 specimens. 

Distribution—kKnown only from the type-locality. 

Remarks.—The principal characters upon which this species is 
founded have been indicated in the diagnosis. Although rhodopeplus 
bears a very striking resemblance to nobilis, the differences are very 
important, especially in the number of rows of paxillae. H. koehleri, 
from Bering Sea, is a close relative of nobilis, but, like the latter, 
differs from rhodopeplus in having only 6 series of paxillae, which 
are nearer equal in size than in rhodopeplus. 

This species has a thick, fleshy, actinolateral membrane and very 
weal spines, while in H. bartschi the membrane is relatively thin 
and the spines much stouter. 





HYMENASTER BARTSCHI Fisher. 
Plate 124, fig. 2; plate 133, fig. 7. 


Hymenaster bartschi FisuHEr, 1916), p. 29. 


Diagnosis —Very similar to H. pullatus, but differing in having 
the paxillar areas of the 5 rays separated interradially nearly to the 
oscular valves and in having numerous spiracula in the supradorsal 
membrane, there being a series of bandlike spiracular areas along 
either side of the paxillar areas extending toward the interradial 
line. General contour originally probably nearly pentagonal, pro- 
duced at the corners into attenuate tips. R=about 70 mm. It 
is not possible to measure r accurately, as the lateral membrane is 
distorted and in some cases torn. Breadth of paxillar area, 22 to 
26 mm. 

Description—The five paxillar areas petaloid, broadly lanceolate, 
distinct, separated one from another to within a short distance of 
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the oscular valves; interradial spaces broad near margin, narrowing 
at the middle of r to about 3 to 5 mm., this narrow area separating 
the prominent paxillar spines of adjacent areas to within 5 mm. of 
the oscular valves. This narrow area is abundantly supplied with 
small spiracles to a point a little short of the middle of R, where 
begin a series of irregular, bandlike, dark-brown spiracular areas 
extending upon the grayish lateral membrane from the margin of 
the paxillar area, these forming a series, of which the fourth, fifth, 
and sixth from the inner end are the longest and extend nearly or 
quite to the interradial line. They are 12 to 15 mm. long, accord- 
ing to tension of actinolateral membrane. The lateral membrane 
adjacent to the paxillar area is colored brown. Supradorsal mem- 
brane very thin and transparent between the numerous conspicuous 
criss-crossing muscle bands, the interspaces provided with from 1 to 6 
conspicuous spiracula. Pseudopaxillae in 7 rows along each ray. 
The outermost row consists of paxillae of conspicuous size, with 
pedicel 3 mm. long and 4 (sometimes 3) slender unequal spinelets. 
the longest 8 mm., the shortest 8 mm. The next row (toward the 
median line) consists of very much smaller paxillae, with pedicel 
about 0.5 mm. high, or less, and about 3 spinelets (or less) 2.5 mm. 
high. These paxillae are in a transverse line with the outermost. 
The paxillae of the next row alternate with these and with the 
median radial. Both the median and adradial are rudimentary, 
with 1 to 3 sessile spinelets from 0.5 to 1.5 mm. long, so that the 
supradorsal membrane rests upon the ambulacral ridge. The paxil- 
lae have 4 long, slender lobes, forming in the delicate dorsal integu- 
ment a calcareous network with irregular meshes along the lateral 
regions and irregular rhomboidal meshes along the median area. 
The supradorsal membrane is raised at numerous points by the 
paxillar spinelets, from which the very definite branching muscle- 
bands radiate. Osculum prominent, the valves with 8 or 10 spines; 
about 4 spines belonging to the same paxilla radiate toward the. 
end of the ray, the membrane between their tips and the base of the 
valves having numerous spiracula. The width of the real ray, 
omitting the supradorsal membrane, is only about 10 mm. at the 
base. 

Ambulacral furrows narrow; tube feet large in 2 series. Fur- 
row spinelets 3, flattened at the base and tapering to a point, the 
adoral slightly the longest (1.5 to 1.75 mm.). Each spinelet is 
capped by a narrow sacculus of variable length, but usually short. 
Aperture papilla very broadly obovate, about as long as the longest 
furrow spinelet. The calcareous part is slightly shorter than the 
longest spinelet as the papilla is bordered by a flange of tissue. 

Armature of mouth plates very similar to that of pudlatus,; 4 mar- 
ginal spines (the innermost not always spaced from the other 3) and 
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2 suboral in a series parallel to median suture. The inner suboral 
stands on the margin of plate close to the inner marginal spine, but 
is much thicker than the latter, and in turn is a little less robust, 
though longer, than the outer suboral. The mouth plates have all 
been more or less rubbed and injured. 

Actinolateral membrane broad, rather thin, deep brown in color. 
Where this colored layer has been rubbed off a gray, finely fibrous 
layer is revealed. The longest actinolateral spines are the twelfth 
to seventeenth or eighteenth, which are about subequal and 138 or 
14 mm. long. 

Type.—Cat. No. 37018, U.S.N.M. 

Type-locality Station 5428, Sulu Sea, off eastern Palawan (lat. 9° 
13’ N.; long. 118° 51’ 15”’ E.), 1,105 fathoms, green mud, bottom tem- 
perature 49.7° F.; 1 specimen. 

Distribution—Known only from the type-locality. 

Remarks.—The description of H. pullatus* does not state the num- 
ber of series of pseudopaxillae to each ray, nor whether those of the 
radial regions are so reduced in size as to be considered rudimentary. 
Neither the figures nor description indicate the presence of spiracula 
which are so plentiful in bartschi. The lateral areas of small spi- 
racula, marked by a brown pigment against a grayish ground, are 
very conspicuous in the Philippine form, and probably not present 
in pullatus. In bartschi the adambulacral spines are more attenuate 
at the tips than in pullatus, while the aperture papilla is slightly 
broader. In proportion to the size of the aperture papilla and the 
base lines of the furrow comb, the actinolateral spines of bartschi are 
decidedly smaller at the base than are those of pullatus. 

Hymenaster bartschi seems to be a representative species occupy- 
ing the deep basin of the Sulu Sea. Whether it is to be regarded as 
a distinct species or only as a geographic race of H. pullatus will 
depend upon the value assigned to the absence of spiracula in pul- 
latus. The characters of the paxillae are very positive in bartschi, 
and upon certain important points information in regard to pullatus 
is lacking. HA. pullatus was dredged by the Challenger at station 
218 off the north coast of New Guinea, southwest of the Admiralty 
Islands, in 1,070 fathoms, blue mud. 

This species is named for Dr. Paul Bartsch, of the United States 
National Museum, who was naturalist during the Philippine cruise 
of the Albatross. 


Genus HYMENASTERIDES Fisher. 
Hymenasterides F1sHeEr, 19114, p. 425. 


Diagnosis —In general structure similar to Hymenaster but with 
two kinds of adambulacral plates alternating; (1) prominent plates 





1 Sladen, 1889, p. 519. 
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bearing a transverse series of 3 rather long, slender spines, and (2) 
nonprominent plates with only 1 spine. Tube feet in 4 series, the 
feet of the outermost series corresponding to the nonprominent plates. 
Combined mouth plates produced actinally into a cone, the apex of 
which is about the middle of median suture. Two suboral spines. 


HYMENASTERIDES ZENOGNATHUS Fisher. 
Plate 127, figs. 4, 5; plate 128, fig. 2; plate 134, fig. 1. 
Hymenasterides zenognathus F1sHEr, 1911a, p. 425. 


Diagnosis.—Paxillar area raised above the actinolateral membrane 
which forms an even narrow border; paxillae in 9 longitudinal series, 
5, or laterally, as many as 7 spines to a paxilla, one being longer than 
the rest; no visible muscle-fibers; scattered spiracula. Prominent 
adambulacrals with 3 slender membrane invested sacculate spines; 
nonprominent with one, each of which is opposite a tube foot of outer 
series. Mouth plates conical actinally with 2 suborals, and 3 or 4 
marginals. Fourteenth actinolateral spine the longest. R=36 mm., 
r=22 mm., R=1.64 r. Breadth of ray, over all, 21 to 25 mm.; of 
paxillar area alone, 17 to 21 mm. 

Description—The paxillar area is sharply defined from the lateral 
fringe, or actinolateral membrane, which is interradially deeply in- 
dented and follows the contour of the raised supradorsal membrane. 
Thus the actinolateral membrane forms a narrow border of nearly 
uniform width, and the spines do not project beyond the edge. They 
are clearly visible, as the membrane is translucent. The supradorsal 
membrane is thin and translucent, without visible muscle-fibers, and 
with small, rather widely spaced, inconspicuous spiracula, which are 
not in definite areas but sometimes form irregular lines. With the 
exception of an interradial area they are pretty uniformly distributed 
all over the membrane. Membrane everywhere rough with the points 
of the paxillar spinelets, of which there are usually 5 (laterally some- 
times 7) to a paxilla. The latter are in 9 quincuncial longitudinal 
series. Each paxilla springs from a cruciform or four-lobed base, the 
lobes overlapping those of 4 other plates leaving quadrate or lozenge- 
shaped papular areas. The pedicels are longest on the lateral paxillae ; 
those of midradial series about half as long as the laterals, and the 
spines, which are webbed, are in all cases longer than the pedicels. 
One spine is usually longer and stouter than the others. The spines 
are three-edged or triradiate in cross section. The papulae (1 to an 
area) are attached to the pedicels. The valves guarding the osculum 
have a truncate summit and are strengthened by about 12 spines, of 
which the 5 or 6 median are longest. About 8 other spines, much 
shorter, form a comb just back of the valves, and are attached to the 
same pedicel. The membrane at the base of the fans is pierced by 
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scattered spiracula, and that between the fans has numerous spiracula 
in short irregular lines. The supradorsal membrane is dotted with 
numerous very small whitish spots of unequal size, due probably to 
groups of gland cells. There are rather large, well-spaced, brownish 
rings or spots on the outer half of R. 

Ambulacral furrow wide; tube feet, with small disks, in 4 longi- 
tudinal series. Adambulacral plates of two sorts, prominent and non- 
prominent. The former project farther into furrow and bear an 
oblique transverse series of 3 or 4 slender spines invested in mem- 
brane which forms a small sacculus at tip. The outer spine is the 
longest (equals the length of 5 plates at base of furrow), the other 
two decreasing slightly in length. The innermost often projects be- 
tween 2 feet of the outermost series and is deeper in the furrow than 
the outer. The nonprominent plate corresponds to a tube foot of the 
outermost series, is set back slightly, and bears only 1 spine, which 
stands in the same longitudinal series (with reference to long axis of 
ray) with the outermost spine of the prominent plates, and is of 
about the same length as this spine. Aperture papillae short, broadly 
ovate, with a membranous envelope produced into a short, blunt sac- 
culus. The calcareous part is only about one-fourth the length of the 
adjacent subambulacral spine, and there is no difference between the 
papillae of the two sorts of plates. The apertures are narrow and not 
completely covered by the papillae. The first adambulacral plate, 
sometimes prominent, sometimes nonprominent, has 2 equal or 
unequal spines and a large aperture papilla immersed in the actino- 
lateral membrane. 

Mouth plates small and very high, the combined pair produced 
actinally into a conical eminence, the apex of which is situated at 
the middle of the median suture. The height of this extraordinary 
beak or cone equals the interradial diameter of the pair of plates. 
From the blunt point at the top the plates slope straight and steeply 
to the actinostomial margin, which is produced into a slight beak, 
but in the opposite direction the plates diverge, leaving an open 
suture, and the margin of the plates is arcuate and nearly perpen- 
dicular. Marginal spines 3 or 4 (sometimes only 2), the lateral-most 
usually the strongest and longest, situated on a slight angle of the 
margin and directed across mouth of furrow. The innermost spine 
which is well spaced from the median beak of actinostomial margin is 
nearly as long as the lateral-most and the 1 or 2 intermediate spines 
are somewhat shorter. Suborals 2, nearly like the subambulacrals 
and situated in a line parallel to and near median suture, on the 
actinostomial face of the cone. 

Actinolateral membrane translucent forming a broad margin which 
decreases in width evenly from interradial angle. The fourteenth 
spine is the longest, and is the first to meet the free edge of mem- 
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brane. The first is articulated to the second adambulacral. The 
spines do not meet interradially their fellows of adjacent ray, but 
leave a narrow wedge-shaped area. The length of this wedge (the 
apex touching mouth plates) is about half the extent of the free 
edge of one ray measured along edge of actinolateral membrane. 
This actinolateral membrance is nearly flat. 

Madreporic body globular, and without a paxilla on its surface. 

Type.—Cat. No. 28660, U.S.N.M. 

Type-locality.— Station 5623, Molucca Passage between Gillolo and 
Makyan Islands (lat. 0° 16’ 30’’ N.; long. 127° 30’ E.), 272 fathoms, 
fine sand, mud; 25 specimens. 

Distribution—Sulu Archipelago, and Molucca Passage, 258 to 272 
fathoms, mud and fine sand. 

Specimens excamined.—Eight, 4 from type-locality and 4 from the 
following stations: 

Station 5549, vicinity of Jolo Island, Sulu Archipelago, 263 
fathoms, sand, globigerina, foraminifera, bottom temperature, 52.3° 
F.; 1 specimen. 

Station 5550, same locality, 258 fathoms, fine sand, shells, 52.3° F.; 
2 specimens. 

Station 5622, Molucca Passage, near Makyan Island (lat. 0° 19’ 
20’’ N.; long. 127° 28’ 30’’ E.), 275 fathoms, gray mud; 1 specimen. 

Remarks.—This genus constitutes a very distinct, new type, which 
differs from Hymenaster in much the same way that Diplopieraster 
differs from Piéeraster. The most easily recognized characters of 
Hymenasterides are the alternating prominent and nonprominent 
adambulacral plates, correlated with the quadriserial arrangement 
of the tube feet. 


Family ZOROASTERIDAE Sladen, 1889. 


KEY TO THD KNOWN GENERA OF ZOROASTERIDAR. 


a Dorsal surface not devoid of spines and not covered with a smooth tough 
membrane in sharp contrast to the spiniferous or squamiferous actino- 
lateral regions. 

b* Superambulacral plates absent; no conspicuous buttress connecting upper 
enlarged end of first 2 pairs of ambulacral plates with the body wall 
at interradial angle. 

c All the adambulacral plates carinate on the furrow face. Prognaster?* 
Perrier. 

ce? Adambulacral plates alternately carinate and noncarinate on the furrow 
face. 





1 Prognaster Perrier, Comptes rendus, vol. 112, May 5, 1891, p. 1226. Type, P. gri- 
maldii, monotypic. Also 1894, p. 120, where it is stated that the genus is new and where 
only one species, P. longicauda, is mentioned. In 1896 in Résultats des campagnes scien- 
tifiques du Prince de Monaco, fase. 11, p. 22, Prognaster is redescribed, with P. grimaldit. 
P. longicaudus is probably not congeneric with grimaldii. The internal structure of both 
is unknown. 
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d@ Rays long, slender, disk small; abactinal, marginal, and actinolateral 
plates arranged in regular longitudinal lines along ray, a series of 
adradial plates being always present; all but the median radial, or 
carinal, which are longer than the rest, form also transverse series 
with one another; plates covered with small papilliform skin- 
covered spinelets, and most of them bear an enlarged spine; papular 
areas small; forficiform pedicellariae present; actinolateral plates 
in 3 to 5 series, the upper subequal to the inferomarginal plates; 
superomarginal plates not conspicuously larger than inferomarginal 
POE SAT SR ee Peer SELES EAE oh Oe ce See aes ee Pee Zoroaster Thomson, 

@ Abactinal plates arranged in regular longitudinal series (the carinal 
plates the largest), bearing large skin-covered scales, which mask 
all plates except some of the primary apical plates of disk, and 
the carinal series of ray; no pedicellariae; actinolateral plates in 2 
or 8 series, much smaller than the inferomarginals; superomarginal 
plates much larger than inferomarginal plates. Pholidaster Sladen. 

b? Superambulacral plates present; a conspicuous buttress, the specialized 
first superambulacral plate connects the upper end of the first 2 ambula- 
eral plates with body wall at interradius. 

c Well developed adradial plates; with 2 series of well developed papular 
areas between the carinal and superomarginal plates, the latter not 
conspicuously enlarged nor overlapping the carinals. Myaroderma 
Fisher. 

@ No adradial plates; 1 series of very small adradial papular pores; 
superomarginals alternating larger and smaller, overlapping strongly 
and dominating the carinals which are sunken below the level of the 
SUA PO STG CORTA COG OTN EAI a age Se ee Bythiolophus, Fisher. 

a’ Abactinal plates of disk, the carinals, adradials (when present), marginals, 
and sometimes one series of actinolateral plates devoid of spines or any 
conspicuous armature but mostly smooth and covered with a tough mem- 

brane of variable thickness, often partly obscuring the plates; 2 to 4 

lower series of actinolateral plates covered with squamiform fleshy spine- 

lets and with sometimes a conspicuous appressed spine; superambulacral 
plates present, the first conspicuously enlarged into a buttress connecting 
upper end of first 2 ambulacral ossicles with the body wall. 

b* With a series of adradial plates more or less well developed; 4 or 5 series 

Omacrinolatenalplates 22.28: Se Le ee Cnemidaster Sladen. 

vb? Adradial plates absent, the inner lobe of the superomarginal plates over- 
lapping the carinal plates; 3 series of actinolateral plates with the 
beginning of a fourth in large examples___________ Mammaster, Perrier. 


Genus ZOROASTER Wyville-Thomson. 


Zoroaster Wrvitte THOMSON, Depths of the Sea, 1873, p. 154. Type, 
Z. fulgens Thomson. 


KEY TO SPECIES HEREIN DESCRIBED, 


a’, Carinal, marginal, and lateral plates all with central spine; carinal spine, 
stout and conical; marginal and lateral spines acicular, prominent; pedi- 
cellariae long and slender, usually 4 times as long as width at base; 
miliary spinelets long, very slender, spaced___-_-__------ ophiactis, p. 473. 
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a’. Superomarginal and proximal inferomarginals without central spine; lateral 
plates with prominent spines; carinals with inconspicuous central spine 
and several enlarged spinelets, or enlarged spinelets only; pedicellariae 
small, only slightly longer than width of base; miliary spinelets papilli- 
form | Closesse tei Oae ke wee Se te a ee ee philippinensis, p. 477. 

a*. Carinal and all but distal superomarginal plates without central spine or 
enlarged spinules; inferomarginal and lateral plates with central spine; 
earinal plates very prominent, subquadrate, arched; adradial plates in- 
conspicuous, nearly entirely covered by carinals and superomarginals ; 
rays very long and slender (R=17 r) ; adambulacral plates with 2 trans- 
verse series of spines on actinal surface and 1 on the furrow keel of 
alternate plates; papular pores very small____________ microporus, p. 475. 


KEY TO THE INDO-PACIFIC SPECIES OF ZOROASTER.1 


a’, Carinal, marginal, and lateral plates all with central spine. 
»*, Carinal plates not unusually large; pedicellariae conspicuous. 

c. R=9 r. Spinelets grooved; central spine of abactinal plates often ob- 
solescent; pedicellariae more conspicuous than spines, except those of 
the 2 lowermost rows; prominent adambulacral plates with 2 large 
bunches of pedicellariae (12 to 20 to a bynch) deep in furrow. 

alfredi Alcock. 

c. R=18 r. Spinelets not grooved; central spine of abactinal plates well 
developed; papular pedicellariae very slender, less conspicuous than 
spines, and less numerous than in alfredi; prominent adambulacral 
with a small group of pedicellariae on lowest furrow spine, not 2 
large: bunches) Cees eee ee ee eee ophiactis Fisher. 

b*, Garinal plates not unusually large; pedicellariae not conspicuous; sub- 
ambulacral spinelets not in 2 definite transverse series. 

c’. R=16 r; rays hemicylindrical, depressed ; madreporic body large, tumid, 


conspicuous; carinal spines conical, stout, fluted______ planus Alcock. 
c’. R=10 to 11 r; rays strongly carinated; madreporic body small, incon- 
spicuous; carinal spines small, not fluted__________ spinulosus TWisher. 


b*. Cartmal plates very large, tumid, vertebra-shaped, each with a globular 
or squatly conical spine; papular pores very small; adambulacral 
plates with 3 or 4 actinal spines in 2 transverse series, and promi- 
nent plates with 2 or 3 additional spines in the furrow, the outer with 
1 large pedicellaria, the inner with 6 to 10 small ones__angulatus Alcock. 

a’. Superomarginal plates without central spine; carinal plates with small 
central spine and several enlarged spinelets, or with tuft of enlarged 
spinelets only. 

pt. Prominent adambulacral plates with 4 or 5 spines, 1 within furrow with 
1 or 2 pedicellariae; pedicellariae fewer, small; inferomarginal plates 
With, central) spine. . s lees ee eer eo carinatus Alcock. 

»*, Prominent adambulacral plates with 6 or 7 spines; at least 2 furrow 
spines with pedicellariae, the upper with a pedicellaria as long as spine; 
proximal inferomarginal plates without central spine; pedicellariae 
numerous; smallses = se ee philippinensis Fisher. 

a’, Carinal plates without trace of enlarged central spine. 

b*, Adradial plates conspicuous; carinal plates medium-sized, oval or rounded, 
granular; no superomarginal spines; R=12 r; papular pores medium- 
SIZOC a er ee ce a ee ees adami Woehler. 








1Z. tenuis Sladen, from off the north coast of New Guinea, 1,070 fathoms, is too young 
to compare with these species. It belongs in section ai. 
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vb’. Adradial plates inconspicuous, largely obscured by the large carinals; 
R=16 to 17 r; papular pores very small. 

c. Carinals hexagonal; 2 or 3 lateral rows of spines; 1 transverse series 

of subambulacral spines on both kinds of plates; rays hemicylindri- 


caliiubemtechtquadriserial =a eee ie ss fae es barathri Alcock. 


@. Carinals squarish; 5 lateral rows of plates with central spines; 2 


transverse series of subambulacral spines on both sorts of plates; 
rays strongly carinated; tube feet biserial________ microporus Wisher. 


ZOROASTER GPHIACTIS Fisher. 
Plate 135, figs. 2, 2a—b; plate 136, fig. 1; plate 139, fig. 3. 
Zoroaster ophiactis F1isHER, 1916), p. 29. 


Diagnosis.—Closely related to Zoroaster alfredi Alcock, from 
which it differs in having longer rays, stouter, conical, carinal spines, 
relatively smaller papular pedicellariae, ungrooved spinelets, less 
numerous adambulacral pedicellariae, and in lacking, deep in the 
furrow, the 2 large bunches of pedicellariae characteristic of alfredz. 

=282 mm., r=15.5 mm-, R=18 r. Breadth of ray at base, 17 mm. 
Disk very small, fairly level on top in large specimens, tumid in 
small; rays slender and strongly carinate, the carinal plates forming 
a definite spiniferous ridge; median tube-feet smaller and more 
crowded than the lateral. 

Desecription—Primary plates of disk fairly conspicuous, but, like 
the others, covered with slender, rather long hirsute spinelets, mter- 
spersed among which, on the papular areas, are several large 2-jawed 
pedicellariae. The primary plates bear a central robust spine, much 
stouter and a trifle larger than the spinelets. Carinal plates form- 
ing a conspicuous ridge, each with 2 lobes on either side which 
overlie and partly cover the small adradial plates. Between the 
adradial plates and adambulacrals, at base of ray, 7 series of 
plates, which are tumid and have 4 obtuse lobes by which they 
imbricate. ‘The plates increase in tumidity toward the furrow. 
Plates covered with slender, relatively long, slightly spaced unequal 
spinelets, which, however, vary in length on different specimens, 
but are much longer and more hirsute than in the carinatus group. 
These spinelets increase slightly in length toward the furrow. Each 
carinal plate has a central robust conical spine or sharp, deciduous 
tubercle of variable length but very much thicker and usually de- 
cidedly longer than the spinelets. The other plates (except the 
small adradials) bear a central, conspicuous, slender, tapering, sharp 
spine, that of the superomarginal about 1 to 1.5 plates in length 
while those adjacent to the adambulacrals are 2.5 plates in length. 
The spines of the lower 3 longitudinal rows are flattened, appressed, 
and have lengthwise shallow grooves. The papular areas are fairly 
large in big specimens, with 1 or 2 papulae. Each area is guarded by 
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1 long, slender, pedicellaria, and sometimes by 1 or 2 additional 
small ones. The pedicellariae are frequently as long as the longest 
spinelets and the slender tips are often slightly curved. They 
usually stand on the lower, transverse lobe of a plate. 

Prominent adambulacral plates with 1 spine deep in furrow armed 
with 1 to several pedicellariae at its base (not always present) and 
a terminal three-cornered sacculus covered with upward of 10 un- 
equal, medium-sized, and small pedicellariae. This spine is usually 
bent toward the nerve cord. Above this a row of 4 or 3 spines is 
directed upward, the third usually the longest. The first, that above 
the true furrow spine, has a large pedicellaria, shaped lke a minia- 
ture ibis beak, attached to its middle or its base. The second spine 
sometimes has a similar pedicellaria. The outer end of the plate has 
1 or 2 spinelets and 1 or 2 small pedicellariae. The nonprominent 
plates have a small spine on the adoral furrow corner and on the 
surface of the plate a group of 4 or 5 spines and spinelets, 1 to 3 
near the aboral marginal being of conspicuous size and sometimes 
forming an oblique series toward the outer adoral corner. Two or 
3 smail, slender pedicellariae stand on the outer margin of plate. 
The figures will best show the disposition of the adambulacral spines. 
See also the figures of a half-grown specimen with R, 115 mm. 

Madreporic body, medium sized, convex about half the diameter 
of the adjacent basal plate. 

Young.—A specimen from station 5299 has R=53 mm., r=5.5 mm., 
R=9.6 r. The carinal plates have a stout conical upright spine or 
tubercle, but the other central spines are very slender, that of the 
superomarginal scarcely longer than other spinelets on some plates. 
Five series of lateral plates, including superomarginals. Prominent 
adambulacral plates with transverse series of 3 or 4 spines, the 
innermost with 1 large pedicellaria. The large pedicellariae guard- 
ing the papulae are present only at the base of ray and on disk. 
Tube feet in 2 series. 

Type.—Cat. No. 37008, U.S.N.M. 

Type-locality. aioe 5606, Gulf of Tomini, Celebes, 854 fath- 
oms, green mud; 1 specimen. 

Distribution—From southern Luzon to Celebes, 559 to 890 fath- 
oms, bottom temperature 38.3° to 39.2° F. 

Specimens examined.—F our, the type and 1 from each of the fol- 
lowing stations: 

Station 5299, China Sea, vicinity of southern Luzon (lat. 20° 05’ 
N.; long. 116° 05’ E.), 524 fathoms, gray mud, sand. 

Station 5582, vicinity of Darvel Bay, Borneo, 890 fathoms, gray 
mud, fine sand, bottom temperature 38.3° F. 

Station 5648, Buton ‘Strait, Celebes (lat. 5° 35’ S.; long. 122° 20’ 
E.), 559 fathoms, green mud, bottom temperature 39.2° F. 
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Remarks.—The type of this species (or perhaps subspecies) is much 
larger than that of Z. alfredi, which measured R, 190 mm., and in 
which R equals 9 r. A specimen of ophiactis from station 5648 has 
R 120 mm. and R=12 r. Thus the ray is relatively longer than in 
alfredi, while in the type of ophiactis the ray is relatively twice as 
long, but the specimen is much larger. Alcock describes the disk 
pedicellariae of alfredi as being as large as grape stones. This is 
certainly very much larger than in ophiactis, where the longest, nar- 
rowly lanceolate as viewed from the side, measure 2 mm. They 
are usually about 1.5 mm. long. As for the pedicellariae of the rays, 
Alcock says that they are much more conspicuous than any of the 
spines except those on the plates of the 2 most actinal rows. This 
is not true for ophiactis. The pedicellariae are not so long as the 
spinelets, as a rule, and those which are longer than the spinelets 
are too slender to be very conspicuous. The stout carinal spines are 
much heavier than those of alfredi and much larger than any of 
the pedicellariae. There seems to be considerable difference in the 
details of the adambulacral armature. 

Z. alfredi was dredged in the Bay of Bengal 1,300 to 1,380 fathoms, 
Globigerina ooze. 


ZOROASTER MICROPORUS Fisher. 


Plate 134, fig. 4, 4a; plate 136, fig. 2; plate 189, fig. 4. 


Zoroaster microporus F1isHER, 19160, p. 30. 


Diagnosis—Related to Zoroaster barathri Alcock, from which it 
differs in having squarish instead of hexagonal carinal plates, smaller 
miliary spinelets, longer central spines on 5 lateral rows of plates 
(instead of on the 2 or 3 lowermost series only), more numerous 
pedicellariae, in having 2 inner spines of the prominent adambu- 
lacrals with pedicellariae (3 in barathri?), and in having 2 
transverse series of spines on the actinal face of both sorts of 
adambulacrals. R=205 mm., r=12 mm., R=17 r; breadth of ray at 
base, 13 mm. Disk small, scarcely more than the united bases of the 
rays; rays long, slender, with a conspicuous, rounded, unarmed cari- 
nal ridge, and a well-defined sulcus along either side; 5 series of 
lateral plates with a central spine; tube feet biserial. 

Description—Major portion of abactinal surface of disk occupied 
by primary apical plates, forming 2 circles around the large tumid 
central plate (see figure). Plates covered with short papilliform 
spinelets spaced about half to two-thirds their length, the calcareous 
portion slender, but their membranous investment giving them an 
ovoid, often asymmetrical, form. No enlarged central spines. Two- 
jawed pedicellariae, slightly longer than the spinelets, rather numer- 
ous around the papulae and along the sutural lines. Papulae 1 or 2 
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to an area, small; pores very small. Carinal plates forming an 
evenly rounded, prominent, carinal ridge, the general form of the 
plates being square. The transverse sutures, which are arched. are 
nearly straight, while either border of the proximal plates is shal- 
lowly notched in the middle to accommodate a small papula, and 
each of the four corners of the plate is rounded, on account of a 
small adjacent papular pore. Beyond the basal third of the ray this 
notch disappears, on account of the absence of the pore (the corner 
pores persist irregularly far along ray) and the lateral borders of 
the plate are slightly convex. Proximailly there are two transverse 
rows of lateral plates to each carinal, but the regularity is soon lost. 

Adjacent to the carinals is a series of small, flat, sunken adradials, 
overlapped by the carinals and superomarginals, the widest being 
about one-third the width of the carinals. Between these and the 
adambulacrals are 6 series of regular broadly elliptical slightly 
tumid plates, wider than long and forming also regular transverse 
rows. The 2 upper series (the marginal plates) are not larger than 
the others, except that the 2 most actinal series are more covered by 
the overlapping of the adjacent plates above, and appear to be 
smaller. Very small papulae occur at the junction of any 4 plates, 
except adjacent to adambulacrals. The surface of the plates is 
covered with short, pointed, papilliform spinelets spaced one-half 
to two-thirds their length, and the inferomarginals, and the actinal 
intermediate plates (proximally 5 rows in all) have a central ap- 
pressed, slender, needlelike spine, which on the inferomarginals is 
scarcely longer than the plate (and is sometimes obsolete), but in- 
creases in size regularly toward the furrow, the lowermost spines 
being 2 or 24 plates long. Near the end of ray the superomarginals 
have also a small central spine. There are many small 2-jawed 
pedicellariae along the sutures between plates, especially near the 
papulae. 

Prominent adambulacral plates with a transverse oblique series 
of 5 prominent spines, and adorally to the outer 2, a second trans- 
verse series of 2 much shorter spinelets. A similar additional 
spinelet sometimes stands at the outer end of the first series. The 
innermost spine, deep in the furrow, bears a saccular investment, with 
upward of 20 small pedicellariae, while the next spine, directed 
across furrow has at the middle or base a large pedicellaria, with 
slightly curved jaws as long as or a little longer than the spine. 
The nonprominent plates have on the actinal surface usually 5 spines, 
in 2 transverse series, the aboral the larger and containing 3. In 
the furrow, near the adoral margin, on a level with the second spine 
of a prominent plate (that bearing a large pedicellaria) is a short 
spine with a bunch of 6 or 8 small pedicellariae. Proximally, along 
the suture between the adambulacral and intermediate plates is a 
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row of small pedicellariae, 1 to 8 to each adambulacral plate. Some- 
times they stand on an intermediate plate. Furrow narrow, tube 
feet in 2 series; the pedicels opposite prominent plates are smaller 
than the others, and a trifle out of line at the base of the ray. 

Madreporic body small, about one-third the diameter of the ad- 
jacent basal plate. 

Type.—Cat. No. 37009, U.S.N.M. 

Type-locality.—Station 5687, 21 miles southwest of Amblan Island 
(off Bouro Island), Moluccas (lat. 8° 53’ 20’ S.; long. 126° 48’ E.), 
700 fathoms, gray mud; 1 specimen. 

Distribution—kKnown only from the type-locality. 

Remarks—Among the species described by Alcock from the Bay 
of Bengal and adjacent waters this species stands nearest to Z. 
barathri, dredged in 1,520 fathoms in the Bay of Bengal. It differs 
from Z. planus (Laccadive Sea, 1,200 fathoms) and Z. angulatus 
(Gulf of Manaar, 597 fathoms) in lacking the series of conical cari- 
nal spines. In addition, Z planus has hemicylindrical depressed rays, 
a very large madreporic plate, and central spines on the supero- 
marginals as well as on the other lateral plates, while the adambu- 
lacral plates do not have 2 transverse rows of spines on the actinal. 
face. The disk is very definitely delimited from the base of the rays, 
the covering of spinelets is sparser, and the central spines are longer. 
Z. angulatus agrees in having the double series of subambulacral 
spines, but differs in the distribution of adambulacral pedicellariae, 
has superomarginal central spines, and quadriserial tube feet. 


ZOROASTER CARINATUS PHILIPPINENSIS Fisher. 
Plate 116, fig. 3; plate 135, figs. 3, 3a; plate 187. 
Zoroaster carinatus philippinensis FIsHER, 1916), p. 30. 


Diagnosis —Differing from Z. carinatus (Andaman Sea) in hav- 
ing more numerous adambulacral spines (6 or 7 instead of 4 or 5), 
with many more pedicellariae; less tumid apical plates, less promi- 
nent central spinelets to carinal plates; more numerous pedicellariae 
generally. Disk small, rays long, slender, pointed, with a midradial 
ridge or carina; central spinelets of carinal plates slightly enlarged ; 
4 rows of slender appressed spinelets along side of ray (3 in small 
specimens); superomarginal and proximal inferomarginal plates 
without central spine (the latter sporadically with a spine in cari- 
natus) ; prominent adambulacral plates with transverse series of 6 
or 7 spines (5 in small specimens), the inner 2 with several large and 
small pedicellariae; R=194 mm., r=13.5 mm., R=14 r; breadth of 
ray at base, 14 or 15 mm. . 

Description—Disk flat-topped, or only slightly domed, and ele- 
vated above midradial ridge of ray. Primary apical plates not 
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prominent, except in small specimens, and in large specimens not 
very distinct one from another, the borders being obscured by the 
dense covering of small, papilliform, blunt or sharp, spinelets (1 
mm. long in the type). These spinelets are usually more or less 
swollen on account of their membranous covering and are inclined 
slightly toward the center of disk, the 2, 3, or 4 central spinelets of 
each plate being, as a rule, enlarged slightly, especially in large 
specimens. One of the central spinelets may surpass the others a 
trifle and be more tuberculate in form, but usually the excess is not 
at all conspicuous. One or 2 small lanceolate forficiform pedicel- 
lariae about as long as the spinelets, but more robust, stand on the 
edge of the papular areas, which in the type usually contain 2 or 3 
papulae, but in moderate or small-sized examples has generally 1 
papula. In medium-sized specimens the spinelets are decidedly 
granular in appearance, owing to the fact that they are relatively 
shorter and nearly always blunt or truncate. 

Degree of carination of ray variable, best marked in medium-sized 
specimens (R, 125 mm.) and in large specimens such as the type 
it is rather more pronounced on the proximal part of the ray. 
Arrangement of plates and spinelets closely similar to that of Z. 
carinatus, but in specimens with R more than 90 mm. there are 
6 longitudinal series of plates between the adradial and adambu- 
lacral plates, instead of 5 as described for carinatus. In the present 
species some specimens of the size of the type of carinatus (R=90 
mm.) have 5 series and some 6. Plates of carinal series slightly 
wider than long, or the 2 dimensions subequal, with 1 or 2 lobes 
on either side, which overlap the sunken adradial plates, the 
exposed surface of the latter being one-third or one-half the width 
of the carinal plates. The next 2 series probably represent the 
marginal plates. They are wider than long, hexagonal, and the 
upper series overlaps the adradial plates and the inferomarginals. 
The exposed surface of the plates of the remaining 4 rows de- 
creases in width as the furrow is approached, and each bears a sharp, 
appressed, dagger-shaped spine, which increases in size toward the 
furrow, where they are about twice the length of their plate. These 
spines thus form vertical series of 4 along the side of the ray. 
Toward the end of the ray, after the lowermost series of plates ends, 
the spines appear on the inferomarginal plates, and sometimes occur 
here and there, but not numerously, on the proximal inferomarginals. 
The superomarginals are without central spines. 

All the plates are closely covered with pointed, appressed, papilli- 
form spinelets, which are directed toward the midradial line, 3 or 
4 in the center of the carinal plates being enlarged, and forming an 
inconspicuous tuft. The central spinelet may be enlarged into a 
short, robust, bluntly pointed tubercle. In some specimens the 
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spinelets of the superomaringal plates increase slightly in size toward 
the inner margin, but there is much variation in this character. 
There are 7 series of papular pores, but the lowest are very small. 
Most of the pores are guarded by 1 or 2 pedicellariae, subequal to 
the spinelets, or larger. There is considerable variation in their 
occurrence. Sometimes nearly all the pores are guarded, at least 
on the proximal half of ray, while in others less than haif. Pedicel- 
lariae sometimes occur proximally on the transverse sutures between 
the carinal plates. 

Prominent adambulacral plates of type with a transverse series of 
6 or 7 spines, 3 or 4 on the projection. There is usually 1 deep in 
the furrow, with a large, and 1 or more small, pedicellariae at the tip 
(or small pedicellariae only). Above this forming a nearly vertical 
series are 3 other spines, usually flattened. The lowest has a large 
pedicellaria as long as the spine, sometimes with additional small 
ones; the next 2 are usually without pedicellariae. Two or 3 shorter 
spinelets follow, on the actinal surface of the plate, but in line with 
the foregoing, while 2 or 3 (or less) additional spinelets form an 
independent transverse series adorad to the outer 2 of the principal 
series. These 4 or 5 spinelets form a group, and are subequal to the 
spinelets of the adjacent actinal plates. The nonprominent plates 
have a group of 4 or 5 spinelets subequal to the outer spinelets of 
the prominent plates. One stands on the furrow margin, adjacent 
to a tube foot, and has 1 or 2 medium-sized pedicellariae at the tip. 
In a large specimen from station 5326, the 3 inner spines of each 
prominent plate are provided with pedicellariae. Many plates have 
only the single transverse row of spines without the additional 
adoral spinelets. In small specimens, the pedicellariae tend to be 
relatively smaller. There is considerable variation in the relative 
numbers of large and small pedicellariae, but they are much more 
numerous than in Z. ¢arinaius. In some specimens pedicellariae are 
lacking on the nonprominent plates. 

Madreporic body small, about half as broad as ‘adjacent basal plate. 

Young.—The smallest specimen (station 5453), and the only one 
with 6 rays, measures R, 24 mm., r, 3.5 mm., R=6.8 r. The carinal 
plates are conspicuous, and touch the superomarginals. In addition 
to the inferomarginals there are a series of actinal intermediate 
plates, the inner of which extends two-thirds the length of ray. 
These plates bear a central spine as in the adult, and the central 
spinelets of the carinal plates are slightly enlarged. Four series of 
papulae—one on either side of the carinal plates, and one inter- 
marginal. The prominent adambulacral plates have 3 permanent 
spines in the furrow, the lowest with 1 or 2 pedicellariae, and on the 
actinal surface 2 or 3 additional spinelets, 1 usually out of line. The 
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other plates have 3 to 5 spinelets, the one on the furrow usually with 
a small pedicellaria. ‘Terminal plate large. 
Type-—Cat. No. 37010, U.S.N.M. 
Type-locality—Station 5587, Sibuko Bay, Borneo, 415 fathoms, 
green mud, sand, coral, bottom temperature 42.3° F.; 1 specimen. 
Distribution—Philippine Islands, from northern Luzon to Tawi 
Tawi, and Sibuko Bay, Borneo, 96 to 604 fathoms, usually on green 


mud. 
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Specimens examined.—Ninety, from the following stations: 


Specimens of Zoroaster c. philippinensis examined. 


























Depth Bottom) Num- 
bie Loeality. | (fath- Nature of bottom. pera ae 
oms). °F, | mens. | 
5123 | Off Malabrigo Light, east coast Mindoro...... 283))| sGreanlmud ae -jasigs <e|eeestos 3 
5124 | Off Point Origon, east coast Mindoro..... a Soft green mud......-/.--.---- 1 
5183 | Between Panay and Negros.........-..- d 63. 4 3 
5215 | East of Masbate Island................. ok 50.5 2 
5216 | Between Masbate and Luzon..........-...... d 63.1 | 1 
5259 | Off northwestern Panay.............-.-.---.- 312 | Gray mud, globigerina} 49.3 | 1 
5265 Bataness Bays Lazonic fc. a cjcnciseacts clejsiwcic/s 135 | Sand, UG Cae Sec es z; 
9268 || coe sad OMe sc nek came Meee AS OIL Hemant 170 Sand, pebblesma ect ashe 14 
pare China Sea, off Corregidor Light, Luzon.....-.. 118 | Mud, ‘shells, coralsand.| 57.4 % 
2! | 2S PPE yale Note jels,cio'e eietelchs sis occ e a bicie Sate eels odieraetee ET PR RANG CL OMS HL Eottatatclaleielerersl evetateetor nie 
5278 China, Bea, between Lubang Island and 102 | Fine cards mud, shells 59.6 5 
rage ay. 
S2G Oi Re Oy ee Me ear aie iateitia «Mois ciel eni siemens ae 248 | Dark gray sand....... 47.4 1 
5297 | Off Batangas Bay (Verde Island Passage). . LOB MMe Sarid ao tee & cee cll eiciesieee 6 
OOS Rainey Uae etairla eR age ec egies TG) anid. oo us es ol he 
5325 | Off Hermanos Island, northern Luzon........ 224 | Green mud..........- 53.2 | 1 
F826 esd Onen ae Lee ee m ae cee wo yee ee 230 uM ey Reyes oe aie ee 55.4 15 
5371 | Off Tavabns Light, Marinduque Island....... BOS | HOLL MUM. saseee cose ce leceeeeee 1 
5388 | Between Burias and Luzon.............--..- 226 | Soft green mud....... 51.4 | 1 
5411 | Between Cebu and Bohol..................-- 145 | Green mud........... 55.2 | 2 
S419 | oe GOR ae ee ee ee ee care 1624e COS i oaeceee cecee 54.8 1 
OSE sees Gwe Jas VEe eee es is tba dete tet eees 165 | Gray mud, sand.....-. 54.4 5 
S418 ce GO cen ot eee ea ta pa anee mele sameeren 1HOn eee GO eas-uess-ciucece 54.4 | 1 
5453 | Albay Gulf, southern Luzon.......-.......... LAG eae Seen e cineca es lec |lciraeaee 4 
5276) ‘San Bermardinostralieac-ccen sss eee eeco es 2704\s Bineisand)s--\352 te. 48.3 2 
5527 | Between Siquijor and Bohol Islands.......... 392 | Globigerina ooze.....- 53.3 3 
6528)... - GOde ee estan ose omelet ee eae eee 439) eaters GOveeectee ee anes 53.3 2 
5538 | Between Negros and Siquijor................. 256 | Green mud, sand..... 53.3 2 
5565 | Between Jolo and Tawi Tawi................ 243 | Sand, Pteropod shells.| 52.3 3 
6587) Sibukkor Bay, WOrmmeo! cece ccaee oem secce se 415 en mud, sand, 42.3 1 
coral. 
6689) |<. 12 GOl See ee aa acces pick weet 260 | Fine gray sand, gray 45.7 1 
mud. 








Genus CNEMIDASTER Sladen. 


Cnemidaster SLADEN, 1889, p. 428. Type, C, wyvillii Sladen. 


CNEMIDASTER WYVILLIE Sladen. 


Plate 134, figs. 3, 3a; plate 188. 


Onemidaster wyvillti StapEN, 1889, p. 424, pl. 67, figs. 3 and 4; pl. 68, figs. 


3 and 4, 


The genus Cnemidaster Sladen was based upon a single, very 
immature specimen of the present species, dredged by the Challenger 
in 800 fathoms in the Arafura Sea. The measurements of this type 


are: R, 22 mm., r, 4.25 mm. 
collection has R= 


33 mm. 


The smallest specimen in the Albatross 
When adult, Cnemidaster bears a very 
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close resemblance to Mammaster Perrier, the only differential charac- 
ters that I can find being stated in the key to genera. It may be 
necessary eventually to merge the 2 genera. Perrier (1894, p. 128) 
states that there are forcipiform (croisé) pedicellariae on the disk; 
I have found numerous forficiform pedicellariae. The former are 
not supposed to occur in this family. 

In both Cnemidaster and Mammaster superambulacral plates are 
present and the first is modified into a conspicuous buttress or stay 
extending from the upper end of the combined first 2 ambulacral 
plates to the body wall at the interradius, as in Mywoderma and 
Bythiolophus. 

There are in the collection no specimens strictly comparable with 
the very small type of wyvillii, although 1 example, as already 
stated, is only slightly larger. This specimen seems to be referable 
to Sladen’s species, although it must be admitted that the specific 
determination of very young specimens is difficult, owing to the 
fact that important characters, such as granules, spines, and pedicel- 
lariae may not appear until comparatively late. The young of dif- 
ferent species may, therefore, be very closely similar. Owing, how- 
ever, to the similarity between the 2 forms, and the geographical 
proximity of the Challenger station, I have thought it better to list 
the Albatross specimens as wyvilliz. They are closely related to both 
Cnemidaster zea, and C. sguameus. For instance, there is consid- 
erable variability, one specimen, otherwise perhaps referable to C’. zea 
has central spines on the distal carinal and marginal plates, and 
spaced granules on the disk plates, while another from the same 
station (5602) has no granules on the swollen disk plates. The fol- 
lowing description will aid in determining specimens: 

Description—Taken from specimens from Gulf of Tomini, Celebes. 
R=109 mm., r=12 mm., R=9 r (station 5607). Disk flat-topped and 
elevated above base of rays, the plates essentially as in the young, but 
definitely scalloped or indented for papulae. In the grooves are a 
few fair-sized pedicellariae (1.5 mm. long) about 3 times as long as 
broad at base, and a few scattered immersed granuliform spines. One 
specimen from station 5602 has scattered small granules under the 
skin of the disk and proximal abactinal plates of the ray, while an- 
cther from station 5606 has fewer granules on the disk only. Four 
other adult specimens, one from 5602, lack the granules. Rays evenly 
arched, without a marked carinal ridge. There is a carinal series of 
slightly convex plates proximally wider than long, distally longer 
than wide. On either side of this is a close double row of papular 
pores emerging on either side of a nearly hidden series of small ad- 
radial plates. Then follows 3 (or 4) series of overlapping, smooth, 
skin-covered plates, followed by 3 series covered with spaced, lan- 
ceolate, flat, squamiform spinelets, which in the interbrachial areas 


482 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 


cover the first 1 or 2 plates of the other series, as far up as the lower 
border of the superomarginals. These three lower series (or 2 in 
smaller examples) have a central flattened, sharp spine on many of 
the plates, often arranged so that alternate transverse rows lack one, 
or all of the central spines, which are therefore in spaced, often in- 
complete transverse combs. On the outer third of the ray the carinal 
and marginal plates (the latter being the only naked plates reaching 
end of ray) are armed with an appressed, tapering, sharp spine about 
as long as its plate. There is no trace of this on the young specimen, 
although present on an adult from the same station (5607). Very 
small pedicellariae occur sparingly on the 3 lower rows of armed 
plates, and distally on the abactinal naked plates. 

Prominent adambulacral plates with a transverse series of 4 or 
5 spines, the innermost rather deep in the furrow and directed hori- 
zontally between 2 tube feet; the next 2 longer, erect, flattened, 
acute, slightly curved, and tapering from a stout base; the outer 1 
or 2 shorter, flattened, and more or less leaflike. The innermost 
2 spines (or the second only) bear each a large pedicellaria, fre- 
quently as long or even longer than the spines, and sometimes accom- 
panied by one to several small pedicellariae, especially at the base of 
the ray. One jaw of the pedicellaria is spatulate, larger, and more 
curved than the other, resembling a miniature duck’s beak; or the 
jaws are nearly equa] and the distal half of the pedicellaria is curved, 
something like a miniature ibis’s beak. Along the adoral, transverse 
margin are usually two squamiform spinelets. In the specimen with 
granular disk plates from station 5602 there are sometimes 3 spinelets 
in this series, and the one nearest furrow is tapered and bears one 
small pedicellaria (or at the base of the furrow, several). Nonpromi- 
nent plates with usually 5 spines, in 2 transverse series (3 spines 
in the adoral). Usually the 2 aboral spines are flattened and 
squamiform, and the adoral tapered but often the outermost of the 
adoral spines is also squamiform. The innermost of that series is 
short, tapered, and stands a little out of line on the furrow margin 
of plate. It usually (but not always) bears a pedicellaria longer than 
the spine, solitary or accompanied by 1 to 3 very small ones at its base. 

In the young specimen from station 5202 the plates are subequal 
and armed with a transverse series of 4 or 5 spines, the inner- 
most slender, tapering, and sharp, the others increasing in thickness 
and becoming more flattened toward the outer end of the plate. 
Adorad to these there is often but not always 1 short spinelet, rarely 2. 
Sladen mentions, in the description of the immature type, only the 
series of 5 spines, but his figure (1889, pl. 68, fig. 4) shows the small 
adoral spinelet. 

Madreporic body small (1.5-2.5 mm.), and surrounded by gran- 
ules or very short, stubby spinelets. Tube feet in 4 crowded series 


STARFISHES OF THE PHILIPPINE SEAS. 483 


proximally, becoming 2 on the outer third or two-fifths of ray. There 
are small triangular superambulacral plates. Ampullae double, but 
the outer division very short, while the inner is vermiform and 3 or 
4 times as long. 

Specimen from vicinity of Darvel Bay, Borneo, station 5582.— 
R=205 mm., r=17 mm., R=12 r. In this example there is no sign of 
granulation on the abactinal plates of the disk and only the last 
dozen marginals at the tip of ray have an inconspicuous armature. 
The superomarginals usually have 2 appressed spinelets, and the in- 
feromarginals 1. On the basal third of the ray there are 4 lateral 
series of naked plates, covered with smooth skin, then 3, and finally 
near the tip of ray, 2. The enlarged central spine of the 3 actinal 
intermediate series occurs almost always only on alternate transverse 
(or vertical) series. The prominent adambulacral plates have gen- 
erally a transverse series of 4 spines, the furrow spine only bearing 
an equally long pedicellaria with jaws curved at the ends, accom- 
panied by 1 or 2 small ones. The 2 outer spines are flattened and 
squamiform, while the second is intermediate. There are 2 much 
shorter lanceolate leaflike spinelets adoral to the spines. The non- 
prominent plates have 5 squamiform spines, but the furrow spine has 
a pedicellaria only irregularly and at the base of ray. 

This example is extremely close to Cnemidaster zea (Alcock), the 
only difference of importance seeming to be the restriction of the 
lateral spines to alternate vertical rows of plates. The description of 
zea does not particularize on this feature, so that the arrangement 
may be somewhat irregular, as in the specimens from the Gulf of 
Tomini. Of the adambulacral armature of zea, Alcock says: The 
adambulacral plates are covered with flat foliaceous spinelets; every 
alternate plate has a prominent intraambulacral ridge, bearing a row 
of 3 saber-shaped spines, and deep within the furrow a slender spine- 
let furnished with several pedicellariae one of which is large.” The 
type of zea has R, 144 mm., r, 12 mm. 

Type.—tIn the British Museum (Natural History). 

Type-locality—Challenger station 191, Arafura Sea, northwest of 
the Aru Islands (lat. 5° 41’ S.; long. 134° 4’ 30’’ E.), 800 fathoms, 
green mud, bottom temperature 39.5° F. 

Distribution—Vicinity of Darvel Bay, Borneo; Gulf of Tomini, 
Celebes; Arafura Sea; 761 to 1,089 fathoms; temperature range, 
36.3° to 39.5° F. 

Specimens examined.—Seven, from the following stations: 

Station 5582, vicinity of Darvel Bay, Borneo, 890 fathoms, gray 
mud, fine sand, bottom temperature 38.3° F.; 1 specimen. 

Station 5602, Gulf of Tomini, Celebes (lat. 0° 22’ N.; long. 182° 
03’ 30’” E.), 962 fathoms, gray mud; 2 specimens, 

Station 5606, same locality, 834 fathoms, green mud; 1 specimen. 
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Station 5607, same locality, 761 fathoms, fine sand; 2 specimens. 
Station 5608, same locality, 1,089 fathoms, gray mud, bottom tem- 
perature 36.3°; 1 specimen. 


Genus PHOLIDASTER Sladen. 


Pholidaster SLADEN, 1889, p. 426. Type, Ph. squamatus Sladen, first spe- 
cies; not designated. (See also 1885, p. 616, no binomial.) 


PHOLIDASTER SQUAMATUS Sladen. 


Pholidaster squamatus SLADEN, 1889, p. 427, pl. 67, figs. 5 and 6; pl. 68, 
figs. 5 and 6. 
Specimens examined.—Sixty-two from the following stations: 
Station 5212, east of Masbate Island, Philippines, 108 fathoms, 
gray sand and mud; bottom temperature, 59.9° F.; 35 specimens. 
Station 5214, east of Masbate Island, 218 fathoms, green mud; bot- 
tom temperature, 51.4° F.; 1 specimen. 
Station 5891, between Samar and Masbate, 118 fathoms; 1 specimen. 
Station 5392, between Samar and Masbate, 135 fathoms, green mud, 
sand; 13 specimens. 
Station 5393, between Samar and Masbate, 136 fathoms, hard sand; 
12 specimens. 
Type.—tIn the British Museum (Natural History). 
Type-locality— Challenger station 204, off Tablas Island, Philip- 
pine group (lat. 12° 48’ N.; long. 122° 9’ E.) 100 fathoms, green mud. 
Distributieon—Known from the central part of the Philippine 
group, 100 to 135 fathoms, mud and hard sand. 
~ Remarks—These specimens are from near the type-locality and 
agree well with Sladen’s description and figures cited above. There 
are no superambulacral plates in this species. 


Genus BYTHIOLOPHUS Fisher. 
Bythiolophus FisHer, 1916b, p. 31. Type, B. acanthinus Fisher. 





Diagnosis.—In general structure resembling Zoroaster, except in 
the presence of subambulacral plates, in the specialization of the first 
superambulacral plate as a conspicuous buttress running from the 
body wall at the interradius to the upper end of the 2 first ambulacral 
ossicles, and in the arrangement of the abactinal skeleton. In this 
the adradial series is more prominent than the carinal, consisting of 
alternately larger and smaller, transversely elongated plates, the 
larger of which overlie the lateral third of the carinals; both sorts 
strongly overlap the upper end of the superomarginals. Two series 
of marginal, and 4 series of intermediate plates. Adambulacral 
plates as in Zoroaster. 

Remarks.—In Zoroaster the carinal plates are always larger than 
the adradial plates. The latter are very often nearly hidden by the 
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carinals and superomarginals which overlap them. In the present 
genus just the reverse is the case. The adradials are large and rest 
upon the superomarginals and carinals. In the arrangement of the 
dorsal skeleton Pholidaster and Cnemidaster are in essential agree- 
ment with Zoroaster. 


BYTHIOLOPHUS ACANTHINUS Fisher. 


Plate 135, figs. 1, la—c; plate 1389, figs. 1, 2. 
Bythiolophus acanthinus ¥1sHeEr, 1916), p. 31. 


Diagnosis —Rays 5. R=105 mm., r=13 mm. R=8 r; breadth of 
ray at base,l4mm. Rays 4-sided,very gradually tapering; abactinal 
surface of ray sunken along median line except near tip, where the 
surface is nearly plane; sides forming a steep bevel; interbrachial 
ares angular; radial plates sunken, but tumid, with a short, sharp 
appressed spine; adradial plates prominent, forming margin of 
abactinal surface, larger and smaller alternating, the larger and some 
of the smaller with a central spine similar to the carinal spines; 6 
lateral series of plates, each with a prominent central spine, the 
third and fourth from top the longest; prominent adambulacral 
plates with transverse series of 4 pines, and about 3 spinelets (on 
actinal surface), the inner with 1 to several pedicellariae. 

Description.—Disk distorted, but apparently subplane abactinally, 
like the rays. The primary plates are not especially prominent. 
Disk plates with a central, short, sharp, lanceolate spinelet 1.5 mm. 
long, borne on a well-marked boss or mamelon. General surface of 
all plates of disk and rays covered with slender sharp membrane- 
invested spinelets about 1 mm. long and spaced one-third to one-half 
their length. On the disk they are a little stouter and the mem- 
brane a little thicker than on the rays. Three or 4 stout, broadly 
lanceolate pedicellariae surrounding each papula of the disk. 

Rays 4-sided, the side walls forming a steep bevel with abruptly 
rounded upper and lower margins. Carinal plates tumid, broader 
than long, overlapped by either adradial series, the plates of which 
are much more prominent and decidedly broader than the exposed 
portion of the carinals and form the margin of a shallow sulcus, at 
the bottom of which are the tumid carinals. These adradial plates 
are much broader than long and are of two sorts, larger and smaller 
alternating (with some irregularities), the larger being roughly 
lozenge-shaped or elliptical, the smaller irregularly elliptical and 
wedged between the outer half or two-thirds of a couple of larger 
plates. Opposite the inner end of a small plate is a large papular 
pore, there being thus a series along either side of the carinal plates. 
Between the adradial and adambulacral plates are 6 regular longi- 
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tudinal series, the plates of which also form regular vertical series, 
which correspond fairly regularly to the adradial plates. The 2 
upper series represent the marginals, which are larger than the 
plates of the 4 inferior rows, the superomarginals being slightly 
smaller than the smaller adradial plates, and the inferomarginals a 
trifle smaller than the superomarginals. A series of tiny papulae 
is present between the adradial and superomarginal plates, another 
between the marginals, a third below the marginals (not complete) 
and a fourth, very incomplete, between the first 2 intermediate rows. 
Each carinal and adradial plate bears a sharp, appressed, lanceolate 
spine similar to those of disk, and forming 8 series along the dorsal 
surface of ray, the outer series being on the margin between the 
dorsal and lateral faces of the ray. On the distal adradial plates 
the spinelets are arranged in 2 transverse series, and on the last 25 
in a single series. The marginal plates bear each a slender, needle- 
like spine, that of the inferomarginals being proximally one and a 
half or two times the length of the superomarginal or about 3 mm. 
This spine increases in length to about 5 mm. along the middle 
third of the ray, then decreases, while the superomarginal spine 
remains 1.5 to 2 mm. long until near the end. Each of the interme- 
diate plates bears a large flattened, slender, sharp, appressed spine 
borne on a prominent boss which occupies most of the available sur- 
face of the plate. The spines are arranged thus in vertical series of 
4 proximally and 3 distally; the upper is 5 to 5.5 mm. long, the 
next subequal or a little shorter (especially distally) ; the third, 3.5 
to 4 mm., and much slenderer, while the lowermost is about 3 mm., 
and still slenderer. These spines which are in line with the margi- 
nal spines form a dense armature all along the side of the ray. Two 
or 3 short, stout pedicellariae a trifle shorter than the spinelets guard 
the dorsal papulae, while usually 1, but occasionally 2, occur close 
to the lateral papulae of the 2 upper series. The lower row of these 
2 extends only a short distance along ray. 

Prominent adambulacral plates have a single series of 3 slender 
spines directed into the furrow, the middle the longest; on the actinal 
surface are 1 or 2 spines (similar to the foregoing, and in line with 
them) and 8 shorter spinelets, the 4 or 5 forming 2 transverse series. 
The innermost furrow spine has 1 to 4 pedicellariae at the tip, the 
largest about one-half to three-fourths the length of the spine. Non- 
prominent plates with 4 spinelets surrounding a subcentral spine. A 
spinelet on the furrow margin carries 1 or 2 small pedicellariae. The 
inner furrow spine of the first 4 or 5 plates has numerous pedicellariae, 
while those on the mouth plates proper have upward of 40. These 
form a circle surrounding the mouth, the clusters touching one an- 
other. Tube feet in 4 series for three-fourths the length of ray. 
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Madreporic body small, convex, very inconspicuous. There are 
short superambulacral plates passing from the ambulacrals to the 
inferomarginals. The first superambulacral is much enlarged and 
acts as a stay or buttress connecting the upper swollen end of the 
first 2 ambulacral ossicles with the body wall at the interradial angle. 
Between this buttress and that of the adjacent ray is a very small 
membranous interbrachial septum. At the base of the ray the ambu- 
lacral ridge bends sharply upward, a fact which renders the buttress 
rather conspicuous. 

Type—Cat. No. 37011, U.S.N.M. 

Type-locality—Station 5648, Buton Strait, Celebes, 559 fathoms, 
green mud, bottom temperature 39.2° F.; 1 specimen. 

Distribution—Known only from type-locality. 


Family ASTERIIDAE Gray (emended). 
Genus DISTOLASTERIAS Perrier. 


Distolasterias Prrriger, 1896, p. 34. Type, Asterias (Stolasterias) stichantha 


Sladen. 
DISTOLASTERIAS EUPLECTA Fisher. 


Coscinasterias (Distolasterias) euplecta FISHER, 1906, p. 1105, pl. 41, figs. 
4, 4a-c; pl. 42, figs. 1-4. 

The specimen, which measures R, 155 mm., and r, 9 mm., is larger 
than the type, with relatively smaller disk. ‘The adambulacral spines 
- are a trifle more attenuate and tapered (with compressed tip) at the 
base of the ray than are those of the type. Distally the spines are 
less compressed than those of the type, most of them being practically 
terete. One or 2 actinal intermediate plates on each ray carry, ab- 
normally, a small spine, where in Aypacantha there is regularly a 
spine. 

Type.—Cat. No. 21188, U.S.N.M. 

Type-locality—Station 3885, Pailolo Channel, Hawaiian Islands, 
136 to 148 fathoms, sand and pebbles, bottom temperature 64.8° F. 

Specimen examined.—One from station 5371, northwest of Marin- 
duque Island (lat. 18° 49’ 40’’ N.; long. 121° 40’ 13’” E.), 83 fathoms. 

Distribution—Hawaiian Islands and Philippine Islands. The 
vertical range in the Hawaiian Islands is 68 to 182 fathoms. 


DISTOLASTERIAS HYPACANTHA Fisher. 
Plate 141, figs. 2, 3; plate 151, figs. 5, 5a. 
Distolasterias hypacantha FisHer, 1917), p. 92. 
Diagnosis —Rays 5. R=129 mm., r=8 mm., R=16. r; breadth 
of ray at widest part near base, 14 or 15 mm. Resembling 


D. mazophora (Alcock) and D. euplecta Fisher, from both of which 
it differs in having, on the proximal half of the ray, a series of small 
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spines between the adambulacral spines and the inferomarginal 
spines (of which there are 2). On the abactinal surface, between 
the 2 superomarginal series, are 3 series of spines proximally, and 
only 1 (the carinal), distally; only 1 kind ef major pedicellariae 
present, slender and lanceolate in form; rays pentagonal in section, 
the width of the lateral face proximally being about two-thirds that 
of either dorsal face (between superomarginal and carinal row of 
spines) while distally all four are nearly equal; disk very small, 
sunken below the dorsal surface of rays; rays constricted at base. 

Pescription.—P lates arranged as follows: A carinal series, and on 
the dorsolateral angle of the ray a superomarginal, alternate plates 
of each series bearing a conical sharp spine; nearly midway between 
the two, a series of usually 3-lobed, much smaller, adradial plates, 
bearing somewhat irregularly a small conical spine on the proximal 
half of ray, and extending nearly to the tip of ray. Frequently 
they are so arranged that the alternate plates are connected with the 
carinals either directly by a dorsal lobe or by a short elliptical inter- 
mediate ossicle, while the other plates are joined to the superomar- 
ginals by a longer intermediate ossicle. Actinolateral border of 
ray very abrupt and formed by the inferomarginals, each bearing 2 
slightly tapering flattened truncate or blunt spines in an oblique 
series, the outer a little longer, and above and adorad to the other. 
Extending two-thirds the length of the ray, between the inferomar- 
ginals and adambulacrals is a single series of small plates which are . 
separated one from another by a papular area equal to their own 
length and extending two-thirds the length of the ray. For a third 
or a half the length of ray (depending upon size of specimen) each 
intermediate plate bears a small acicular spine about three-fourths 
the length of the outer adambulacral spine. The base of the inner- 
most marginal spine is spaced from the outer furrow spine about 
the length of the latter. 

The abactinal and superomarginal spines are surrounded by a 
basal sheath closely crowded with small forcipiform pedicellariae, 
while only the upper side of the upper inferomarginal spine is so 
provided—there being but a half circle of pedicellariae. These pedi- 
cellariae are about 0.35 mm. long, have about 5 lateral teeth and a 
broad terminal portion armed with many small teeth. There is but 
one sort of major pedicellariae—in form, slender, lanceolate, and 
pointed—scattered rather numerously on the abactinal and actinal 
surface. There are 2 series of papular areas between the carinal 
and each superomarginal series of plates, each with about 10 to 15 
papulae; an intermarginal series on each side with 5 to 8 papulae 
to the area; and an actinal series alternating with the actinal inter- 
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mediate spines with 1 to 5 papulae to an area extending about half 
the length of ray. 

The integument is marked by fine channels, somewhat irregular, 
extending from the carinal plates to the inferomarginals. There are 
usually 2 of these lines between the superomarginal spines. 

Adambulacral spines 2, slender, flattened, slightly tapered, and 
truncate. The inner is a little shorter than the outer, which is equal 
to about the length of 4 plates. On the furrow face of about every 
other plate, or sometimes on that of several consecutive plates, is a 
fair-sized, pointed, lanceolate, forficiform, pedunculate pedicellaria. 

Each mouth plate with 2 spines at the inner actinostomial end: a 
short one, with 2 pedicellariae at the base, directed across mouth of 
furrow, and the second, over twice as long and much heavier, fiat- 
tened and truncate, directed, with its near neighbor of the other 
plate, over the mouth. At the outer end of each plate an upright, 
flattened, sometimes subspatulate suboral nearly or quite as long 
as the longer apical spines. 

Type.—Cat. No. 37032, U.S.N.M. 

Type-locality.— Station 5417, between Cebu and Bohol, 165 fath- 
oms, gray mud and sand, bottom temperature 54.4° F.; 1 specimen. 

Distribution—Known only from near type-locality, 88 to 165 
fathoms. 

Specimens examined.—iIn addition to the type, 1 from station 
5415, between Cebu and Bohol (near type-locality), 88 fathoms, fine 
sand, bottom temperature 62.4° F. 

Remarks —This species closely resembles ). eustyla (Sladen), 
which is known only from the vicinity of Tristan da Cunha. Both 
species have a single series of actinal intermediate spines, but in 
eustyla, judging from Sladen’s figure, the series extends practically 
to the tip of the ray. Sladen mentions these as a third inferomargi- 
nal spine, but they seem to belong rather to actinal intermediate 
plates. In hypacantha the inferomarginal spines are more spaced 
from the adambulacral spines, the major pedicellariae are much more 
numerous, and are present on the actinal surface, as well as in the 
furrow, the rays are longer. LD. dubia Clark, from Botany Bay, 
has shorter, relatively stouter rays, stouter abactinal skeleton, larger 
major pedicellariae, broader and more flattened outer inferomarginal 
spines, deeply furrowed on the actinal side. D. mazophora (Alcock), 
D. euplecta Fisher, and DP. mollis Hutton lack the actinal intermedi- 
ate spines of hypacantha. In D. euplecta the inferomarginal spines 
are closer to the furrow spines than in hypacantha, the actinal inter- 
mediate plates being smaller and more tightly wedged between the 
adambulacrals and inferomarginals. 
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Genus TARSASTER Sladen. 
Tarsaster SLADEN, 1889, p. 489. Type, 7. stoichodes Sladen. 
TARSASTER DISTICHOPUS Fisher. 
Plate 141, fig. 1; plate 155 ,figs. 8, 3a—c. 
Tarsaster distichopus FisHeErR, 1917b, p. 92. 


Diagnosis Rays 5. R=48 mm., r=5 mm., R=9.6 r; breadth of 
ray at base 6.5 mm. Disk very small, convex; rays long, slender, 
bluntly pointed; abactinal surface prominently arched, with a very 
slight midradial carinal ridge; actinal surface nearly plane, the sides 
of ray as defined by the 2 series of marginals, nearly perpendicular, 
but sloping inward toward the furrow, slightly. Differing from 
Tarsaster stoichodes Sladen in having 1 adambulacral spine, 1 spine 
on the midradial plates, prominent, unguiculate forficiform pedicel- 
lariae in the furrow, and biserial tube feet. 

Description.—Plates arranged as follows: a carinal, a supero- 
marginal, and an inferomarginal regular longitudinal series of 
4-lobed, strongly imbricating plates, the transverse lobes nearly 
obsolete on the inferomarginals, which are contiguous to the adam- 
bulacrals (no actinal intermediate plates present). Between the 
carinal series and the superomarginals, for the proximal half of the 
ray, there are 2 not very regular series of smaller 4-lobed and 
3-lobed plates, which on the distal half of the arm are reduced 
to a single series. These plates imbricate directly with one another 
in a longitudinal direction, as in the case of the carinals and margi- 
nals, but laterally they join the superomarginals on the one hand 
and the carinals on the other by one or, sometimes proximally, by 
two elliptical secondary ossicles, as shown, perhaps, better in the 
figure than by description. There are thus proximally 3 dorsolateral 
series of papular areas and distally 2, containing 1 or 2 papulae, 
while there is, in addition, on each side, an intermarginal series of 
smaller areas with 1 papula to an area. The small disk is composed 
chiefly of primary apical plates, not very regularly arranged, with 
1 or 2 papulae in the intervening areas. 

The carinal plates, the dorsolaterals, the superomarginals, and the 
secondary elliptical, or smaller connecting, plates each bear a short 
conical spine on a central boss of the plate, those of the dorsolaterals 
and secondary ossicles being one-half to two-thirds the size of the 
other spines, which are 1.25 to 1.5 mm. long. The inferomarginats 
(except the first plate) have each a stouter spine 2 mm. long, the 
series standing on the actinolateral margin of the ray. Each plate 
also carries, scattered over its surface, 3 to as many as 6 or 8 con- 
spicuous, ovoid (as seen from side) forcipiform pedicellariae, usually 
about 0.45 mm. long. They give the appearance of an open, rather 
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uniform, granulation to the half-dry specimen. There are usually 
1 or 2 of these pedicellariae between any 2 inferomarginal spines. 
All the plates, spines, and pedicellariae are covered by a rather thin, 
soft skin, which hides the outlines of the plates. Between the infero- 
marginal and adambulacral spines is an area of bare membrane 
crossed by shallow creases or furrows opposite the interspaces be- 
tween the spines. 

Adambulacral plates, small, wider than long, slightly constricted 
or excavated along each transverse margin, and when they are 
cleaned, a distinct notch is visible on the furrow margin. On the 
proximal half of the ray there are 10 plates opposite 4.5 infero- 
marginals, and beyond the middle of the ray 10 plates correspond 
to about 5 inferomarginals.. Each plate bears a single lanceolate, 
obtusely pointed, slightly flattened spine 1.5 to 1.75 mm. long on the 
furrow margin except the first 5 or 6 plates, which carry each a 
second subequal spine on the outer half of the plate. Irregularly 
scattered along the furrow are 5 to 8 unguiculate pedicellariae, with 
3 curved tines. (PI. 155, fig. 30.) 

Wedged in between the interradial pair of unarmed inferomargi- 
nals and the mouth plates are 2 or 3 small actinal intermediate plates, 
wholly obscured by skin. 

The oral plates are narrow and form a projection toward the 
mouth, impinging upon the furrow in such a way as to lessen its 
diameter at its junction with the actinostome about one-half. The 
plates bear each 3 stout, tapering, bluntly pointed spines, one on the 
uctinostomial face, and directed toward its feHow of the opposite side 
of the mouth of furrow, while the other 2 are more robust and are 
on the actinal face of the plate. Two cat-claw pedicellariae are on 
the furrow face of the plates. 

Madreporic body small, somewhat prominent, with a few fine radi- 
ating irregular striae and coarse intervening ridges. It is situated 
at about the middle of r and has 7 conical spines, like those of the 
rest of dorsum, in a half circle on its adcentral side. Tube feet in 
2 series. 

Type.—Cat. No. 37031, U.S.N.M. 

Ty pe-locality.—Station 5664, Macassar Strait (lat. 4° 43’ 22” S.; 
long. 118° 53’ 18”’ E.), 400 fathoms, hard bottom, bottom temperature 
43.3 F.; 1 specimen. 

Remarks.—The known species most nearly related to the one here 
described is Tarsaster stoichodes Sladen, taken by the Challenger at 
station 219, off D’Entrecasteaux Reef, north of the Admiralty Islands 
(lat. 1° 54’ §.; long. 146° 39’ 40’’ E.), in 150 fathoms, on coral mud. 
There is some doubt as to the generic identity of the present species on 
account of its biserial tube feet. The specimen is small, and larger in- 
dividuals may have the feet in 4 series, just as happens with Coronas- 
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tery and other forms. If it has permanently the biserial arrangement it 
will form a connecting link with the Pedicellasteridae, which have 
very few characters, other than the biserial tube feet, that can not 
be duplicated among the Asteriidae. The type of Hydrasterias, H. 
ophidion Sladen, is figured as having biserial tube feet, however. 


Family PEDICELLASTERIDAE Perrier. 
Subfamily LapmrAsTerInaeE Verrill.? 


In Verrill’s scheme of classification this subfamily is placed in 
the Brisingidae, following the usual treatment of Labidiaster. I 
would suggest however, that Labidiaster has few essential charac- 
ters in common with the Brisingidae, but rather exhibits greater 
structural similarity to Coronaster. This genus seems to be more 
nearly allied to Pedicellaster than to either Heliaster or to any of 
the recently proposed genera of Asteriidae. I would therefore place 
Labidiaster in the Pedicellasteridae. I have dissected a large example 
of Labidiaster radiosus Liitken, from the Straits of Magellan. 

Labidiaster differs from Brisinga, Odinia, Freyella, and similar 
genera in the following important particulars: (1) Its abactinal 
skeleton is not duplicated in the Brisingidae; (2) forficiform, or 
straight, pedicellariae are present; (8) the adambulacral plates are 
crowded, very short in proportion to width, and entirely unlike in 
form and armature the same highly peculiar plates of all Brisingidae; 
(4) the ambulacralia are shorter, especially the dorsal ends, which 
overlap, or imbricate with, the next adoral ambulacral plate, while 
in the Brisingidae there is no sign of imbrication, the ambulacralia 
resembling the centra of chordate vertebrae, with vertical articu- 
lating adoral and aboral facets. 

In the Brisingidae (in the narrower sense) the abactinal skeleton 
of the rays is variable, being in the form of transverse, independent, 
parallel ridges or costae, separated by areas of integument without 
plates; or the intervals may be partially or completely filled in with 


more or less imperfectly developed plates immersed in the body-wall; , 


or the arches may be absent and a tessellation of thin plates may 
cover the genital region of the ray; or there may be thin plates, more 
or less spiniferous, together with differentiated transverse costae. 
In Labidiaster the skeleton of the ray is closely similar to that of 
Coronaster. There is a longitudinal series of trilobate inferomarginal 
plates, one of quadrilobate or cruciform superomarginal plates, and 
one of cruciform median radial plates. The marginals and radials form 
regular transverse series. On the basal portion of the ray there is a more 
or less irregular zigzag series of trilobate dorsolateral plates. The 
primary plates either connect directly by their slender lobes, or these 


1 Verrill 1914a, p. 26. 
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are joined by one or two overlapping, oblong, intermediate ossicles. 
There results an open, fairly regular, reticulate skeleton having 
large tetragonal meshes (except where the dorsolateral plates frame 
pentagonal openings). On the outer part of the ray the longitudinal, 
intermediate, connecting plates and the longitudinally oriented lobes 
of the marginals and radials gradually disappear, so that there re- 
mains only a series of independent, transverse, slender skeletal bands, 
simulating those of Brisinga, but having a very different history. 
The skeletal meshes contain numerous papulae. The form and arma- 
ture of the adambulacral plates are as in Coronaster. The arrange- 
ment of the pedicellariae either on retractile wreaths surrounding 
the spines or on retractile transverse cushions is not unlike that found 
in Coronaster. The mouth plates of the Brisingidae, of Coronaster, 
Pedicellaster, and of Labidiaster are similar in general form, those 
of Labidiaster being relatively the smallest. 

The features which are chiefly relied upon to distinguish the Bri- 
singidae, and to which the family in part owes its characteristic ap- 
pearance, are conspicuous by their different form in Labdidiaster. 
Such, in the Brisingidae, are the elongate and peculiarly formed 
adambulacral plates; the long needle-like subambulacral and mar- 
ginal spines, with their characteristic sacculate sheaths; the variable 
but always non-reticulate abactinal skeleton of the rays; the presence 
of only crossed or forcipiform pedicellariae. 

The genus Rathbunaster (type, Rathbunaster californicus, from off 
California, deep water) was described by me as a neighbor of the 
curious polybrachiate Pycnopodia of Stimpson. I think the genus 
is related, instead, to Coronaster. It is notable for the suppression 
of the alternate superomarginal plates and the reduction of the abac- 
tinal skeleton to spaced circular plates without trace of connectives. 
The marginal and abactinal plates bear an acicular spine surrounded 
by a retractile sheath with an expanded distal crown covered with 
numerous pedicellariae. The ambulacral, adambulacral, and oral 
plates are similar to those of Coronaster. 

In Labidiaster, Coronaster, Rathbunaster, and certain genera of 
the Brisingidae there are two gonads to each ray; each gonad opens 
upon the side of the ray at some distance from the base. All three 
genera, as well as the Brisingidae, have a single ampulla to each 
tube foot. 





1 Verrill, in his ‘“‘ Monograph of the Shallow-water Starfishes of the North Pacific Coast,” 
1914, p. 352, proposes a new genus, Labidastrella, for Labidiaster annulatus, Sladen. ‘ It 
differs considerably in structure from L. radiosus, especially in having the dorsal and 
superomarginal plates nearly abortive distally, on the rays, beyond the genital regions.” 
It is evident that this tendency to lose the dorsal skeleton of the distal part of the ray 
manifests itself in L. radiosus, and is carried further in L. annulatus. I agree with 
Koehler that it does not form a safe basis for a generic division between two otherwise 
similar species (Koehler, Ann, de l’institut océanographique, vol. 7, fase. 8, May 1917, 
p. 8). 

a 
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The family Pedicellasteridae, if these views are correct, would 
consist of the subfamily Pedicellasterinae with Pedicellaster, Lytas- 
ter, and Gastraster, and of the Labidiasterinae with Labidiaster, 
Coronaster, and Rathbunaster. 


Genus CORONASTER Perrier. 


Coronaster Perrier, Ann. sci. nat., art. 8, 1885, p. 138. Type, C. parfait 
Perrier, 1894, p. 92, pl. 8.—VeErritr, 1915, p. 31.—FisHer, 1917a, p. 26. 

Stolasterias (subgenus) part SLADEN, 1889, p. 584. 

Heterasterias VERRILL, 19140, p. 46. Type, Asterias (Stolasterias) volsel- 
lata Sladen. 

The generic term as here used is in an extended sense, including 
Sladen’s Asterias volsellata and hence the genus Heterasterias Ver- 
rill, founded upon that species. 

Coronaster, as formerly understood, cémprised the following nomi- 
nal species: C. parfaiti Perrier, the type, from the Cape Verde 
Islands; C’. antonii Perrier, a very immature specimen from Morocco; 
C. briareus (Verrill), from off the southern Atlantic coast of the 
United States; C. bispinosus Ives, locality unknown, perhaps identi- 
cal with dbriareus; C. octoradiatus (Studer), from South Georgia 
Island. 

I have compared a specimen of Coronaster briareus from 90 
fathoms, Gulf stream, south of Key West, with the examples of C. 
volsellatus (—Asterias volsellata) listed in this report. In my speci- 
men of briareus’the tube feet are crowded and quadriserial, or ar- 
ranged in what one might prefer to call two crowded zigzag series, 
inasmuch as the pores remain biserial, or nearly so. Professor 
Verrill (1915, p. 31), in the most recent diagnosis of Coronaster, 
writes that the tube feet are biserial (as, indeed, they are in the 
small type and in small specimens of briareus). This character is 
determined by age. Even in the very small C@. antonii, as mentioned 
by Perrier (1894, p. 96, pl. 8, fig. 2c), the pedicels are incipiently 
quadriserial on a part of the ray. In full-sized specimens of C. 
volsellatus the tube feet are quadriserial, or biserial at the tip and 
base and quadriserial throughout the greater part of the ray. In 
small regenerating rays of volsellatus the pedicels are biserial, and 
these small rays correspond exactly to the rays of immature speci- 
mens of other species. 

Furthermore, the highly characteristic skeleton of volsellatus is 
nearly exactly duplicated, with minor specific differences, by that of 
briareus. This skeleton, which holds good also for C. parfaiti and C. 
antonii, as figured by Perrier (1894, pl. 8), consists of slender-lobed 
plates, joined by more or less elongate connecting ossicles in such a 
way as to form a median radial, and two marginal regular longitu- 
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dinal series, joined together at the intervals of the primary plates by 
transverse ossicles, leaving four series of large, rectangular papular 
areas. At each node of this skeletal mesh is a sharp spine with a 
retractile wreath of abundant pedicellariae. The inferomarginal 
plates abut closely against the adambulacrals. Both species have the 
curious hand-shaped unguiculate major pedicellariae of conspicuous 
size, characteristic of the genus very probably. 

Perrier (1894, pl. 8) has given carefully drawn figures of @. 
parfaiti and C. antonii. 'The skeleton is the same as that of briareus 
and of volsellatus. It seems reasonable, on account of the small size 
of Perrier’s specimens, to consider them immature. They match 
very well the immature regenerating rays of volsellatus, which, as 
noted above, also have the pedicels biserially arranged. 

Coronaster volsellatus has one adambulacral spine, the other species 
generally 2. In C. parfaiti there are 3 spines on the first 5 plates 
and 2 on the others. C. antondi has the spines “ solitary on the major- 
ity of the plates, but in pairs on certain others among them.” I do 
not think the monacanthid condition of volsellatus of sufficient impor- 
tance to warrant a generic separation. The new Philippine and 
Moluccan species, (. halicepus is diplacanthid and is apparently a 
close relative of volsellatus. 

Coronaster is therefore represented in the East Indies by 2 species, 
and in the Atlantic by 5 nominal forms. 

The family affiliations of Coronaster are somewhat involved. Its 
only strong Asteriid character is the quadriserial arrangement of the 
tube feet. Yet the ambulacral plates are not crowded, the pedicel 
pores being nearly or quite biserial as in the Brisingidae, to which 
family its strongly brisingoid mouth plates, as prominent as those of 
Odinia, would also ally it. Its skeleton is more like that of a 
simplified Peédicellaster than like that of Asterias, or allied genera. 
Pedicellaster has mouth plates of the same sort as Coronaster. 
They are more prominently “adambulacral” than those of any 
genus of the Asteriidae, even of Coscinasterias, and are nearly or 
quite as prominent, relatively, as the oral angles in Brisinga. So 
also in Pedicellaster the ambulacral plates are uncrowded, as in 
Coronaster, rather brisingoid, and the pedicel pores are in 2 series. 
As noted above the pedicel pores in large specimens of Coronaster 
form 2 slightly zigzag rows, but much less pronounced than in small 
specimens of Coscinasterias (in the broadest sense), in which group 
the ambulacrals are quite compressed and crowded. 

On the whole the relationship of Coronaster does not appear to be 
so close to the Asteriidae as to the Pedicellasteridae, even though one 
of its species long occupied an undisputed corner in the former 
family. 
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KEY TO THE SPECIES OF CORONASTER HEREIN DESCRIBED, 


a Rays 11; 1 adambulacral spine; adambulacral furrow pedicellariae slender, 
the tips of jaws not conspicuously crossed; abactinal forcipiform pedicel- 
lariae with 5 or 6 lateral teeth in one row; the large major unguiculate 
pedicellariae with proximal half abruptly narrowed____volsellatus, p. 496. 

a’ Rays 10; 2 adambulacral spines; adambulacral furrow pedicellariae fairly 
stout, the tips of jaws conspicuously crossed ; abactinal forcipiform pedicel- 
lariae with 12 or more lateral teeth in 2 series proximally ; proximal third 
of major unguiculate pedicellariae narrowed___--------~ halicepus, p. 497. 


CORONASTER VOLSELLATUS (Sladen). 


Plate 135, figs. 4, 4a; plate 151, figs. 2, 2a-—c. 


Asterias (Stolasterias) volsellata SLADEN, 1889, p. 584, pl. 107, figs. 1-4. 
Heterasterias volsellata VERRILL, 1914a, pp. 27, 47. 
Coronaster volsellatus FisHer, 1917a, p. 25. 

This species has been fully described and figured by Sladen in the 
Challenger report. The specimens collected by the Albatross agree 
in all essential particulars with the type. I have figured the pedicel- 
lariae as they differ from those of halicepus, described below. The 
small pedicellariae arming the sheaths of the abactinal and marginal 
spines are smaller than those of halicepus, averaging about 0.45 mm. 
in length. In addition to 2 terminal teeth each jaw has usually 5 
small teeth in a single series along the inner side. The forficiform 
pedicellariae from the ambulacral furrow are about 1.25 mm. long, 
and are quite slender, the tips of the jaws not crossing conspicuously. 
Similar but smaller pedicellariae occur scattered over the integument 
among the papulae, and on the trabecular ridges of the skeleton. The 
unguiculate major pedicellariae are longer than those of halicepus, 
and are narrowed into a longer proximal portion, forming a sort of 
wrist to the miniature hand. 

Type.—tin the British Museum (Natural History). 

Type-locality—Near Cebu, Philippine Islands, 95 fathoms. 

Distribution——Philippine Islands, 95 to 165 fathoms, on sand. 

Specimens examined.—Four, from the following Philippine sta- 
tions: 

Section 5226, 9.5 miles southwest Corregidor Light, Luzon, no 
depth or peter recorded; 1 specimen. 

Station 5391, between Sen and Masbate, 118 fathoms; 1 speci- 
men. 

Station 5393, between Samar and Masbate, 136 fathoms, hard 
sand, 1 specimen. 

Station 5417, between Cebu and Bohol, 165 fathoms, gray mud, 
sand, bottom temperature 54.4° F.; 1 specimen, incomplete. 

Remarks—The stomach of a specimen from station 5391 contained 
portions of several small shrimps and a small fish. The very nu- 
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merous pedicellariae are capable of holding fairly active animals and 
are probably used to capture prey. The loose skeleton renders the 
rays very flexible, so that any crustaeans or fish held fast by the 
pedicellariae could be readily reached by the tube feet and conveyed 
to the mouth. 

CORONASTER HALICEPUS Fisher. 


Plate 135, figs. 5, 5a; plate 140; plate 151, figs. 1, 1a—d. 


Coronaster halicepus FIsHER, 1917a, p. 26. 


Diagnosis —In general appearance closely resembling C. volsella- 
tus, but differing in having 10 rays, 2 adambulacral spines, relatively 
broader and shorter unguiculate pedicellariae, with longer claws, 
heavier ambulacral pedicellariae, with the jaws conspicuously crossed 
at tips, and longer forcipiform minor pedicellariae, each jaw with 
upward of 12 or even more small teeth in addition to the large ter- 
minal teeth (5 or 6 in volsellatus). R=260 mm., r=17 mm., R= 
15+r; breadth of ray at base, 11 mm.; at 25 mm. from base, 14 or 
15 mm.; height of disk, 10 mm.; breadth of disk, 34 mm.; breadth 
of actinostome, 20 mm. 

Description—sSkeleton similar to that of volsellatus, there being 
abactinally 3 lines of ossicles extending the length of the ray (the 
carinal and superomarginal), and adjacent to the adambulacrals an 
inferomarginal series. Equally narrow transverse bands of plates 
divide the integument into quadrate papular areas of large size, the 
intermarginal areas being regular, wider than long proximally, and 
longer than wide distally. The areas between the carinal and supero- 
marginal plates are longer than the foregoing, and irregular as to the 
transverse trabeculae. The cruciform primary plates at each node 
are connected by 1 or 2 intermediate oblong ossicles and bear a single 
slender acicular spine, the inferomarginal the longest, equaling prox- 
imally the distance between the base of the inferomarginal and corre- 
sponding superomarginal spines (7 mm). The superomarginal 
spines are one-half to two-thirds as long, and the carinal spines are 
subequal to the superomarginal, though a trifle more robust. In 
large specimens 2 or 3 small spines stand on the transverse irregular 
trabecula between the superomarginal and carinal plates. 

Each spine is surrounded by a heavy, retractile, globular sheath 
covered with small forcipiform pedicellariae, about 0.5 to 0.6 mm. 
long, whose jaws have 3 terminal teeth and a double row of upward 
of 12 small teeth, while similar pedicellariae in volsellatus have 2 
terminal and about 5 lateral teeth. The difference is best seen from 
the figures. The trabeculae and papular areas have numerous large 
6-clawed unguiculate pedicellariae about 1.5 mm. long. These are 
much more numerous than in volsel/atus and are shorter and broader. 
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In addition, there are numerous small forficiform pedicellariae scat- 
tered among the papulae. The papulae occur in tufts or clumps, 
about 6 or 7 to each area. 

Adambulacral plates small and bandlike, separated by an interval 
slightly in excess of their length. Spines, 2, slender, slightly tapered, 
blunt, situated on the furrow margin in an oblique series, the inner 
being aboral to the outer and about two-thirds to three-fourths as 
long; the latter is one-half to three-fifths as long as the inferomargi- 
nal spine. About every other plate has on the furrow face 1 or 2 
forficiform pedicellariae about 1 to 1.25 mm. long. These extend 
between the tube feet, and are at the end of a thick, apparently highly 
extensible stalk or peduncle, around the base of which are 1 to several 
very small pedicellariae. These pedicellariae have the ends of the 
jaws crossed and are broader than in volsellatus, where the jaw tips 
fit together snugly. In the small regenerating rays of a specimen 
from station 5217 (the tube feet: being 2-ranked) the adambulacral 
plates have 2 truncate, slightly tapered, subequal spines. 

Mouth plates resembling those of the Brisingidae, excavated on the 
furrow margin for the first tube foot. On the middle of the actinal 
surface of each plate is a robust, flattened, truncate spine about as 
long as the median suture. On the actinostomial margin are 2 simi- 
lar shorter spines, 1 directed across mouth of furrow, the other mid- 
way to the median suture. From the base of the latter is a short 
flap of membrane, and from the former are 2 long, slender sacculi 
crowded with very numerous small pedicellariae. ‘Two large pedun- 
culate, unguiculate pedicellariae (similar to those of the abactinal 
surface) extend over the actinostome from between the inner mar- 
ginal spines of each mouth-pair. Numerous small forficiform pedi- 
cellariae with short, thick pedicels are scattered over the surface of 
the plates, and sometimes 1 or 2 major unguiculate pedicellariae in 
addition. In volsellata there are the same number of spines, but the 
marginal spines lack the streamers of pedicellariae. The unguicu- 
late pediceliariae are present, but very few small pedicellariae on the 
surface of the plate. In the type the first 10 pairs of tube feet are 
obviously 2-ranked; then they become crowded and 4-ranked, return- 
ing to 2 series on the outer attenuate part of the ray. A smaller 
specimen from station 5217 has the feet less obviously 4-ranked. It 
is wholly a matter of age. 

In halicepus the disk has more numerous spines—about 30—and 
more numerous unguiculate pedicellariae. The madreporic body is 
slightly larger. 

Type.—Cat. No. 37012, U.S.N.M. 

Type-locality—Station 5281, between Lubang and Luzon, 201 
fathoms, dark gray sand, bottom temperature 50.4° F.; 1 specimen. 
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Distribution—Philippine and Molucca Islands, 105 to 298 fathoms, 
on sand. 

Specimens examined—tIn addition to the type, 1 specimen, and 
fragments from the following stations: 

Station 5217, between Burias and Luzon, 105 fathoms, coarse gray 
sand, 1 specimen. 

Station 5417, between Cebu and Bohol, 165 fathoms, gray mud, 
sand, bottom temperature 54.4° F.; 4 rays. 

Station 5621, Molucca Islands, off Molucca Passage, 298 fathoms, 
gray and black sand; 4 rays. 


Subfamily PEDICELLASTERINAE Fisher.? 
Genus PEDICELLASTER Sars. 


Pedicellaster Sars, Oversigt af Norges Echinodermer, 1861, p. 77. Type, 
P. typicus Sars. 


PEDICELLASTER CHIROPHORUS Fisher. 
Plate 142, fig. 2; plate 155, figs. 2, 2a-b. 


Pedicellaster chirophorus 1917b, p. 938. 

Diagnosis —Rays 5. R=27 mm., r=4 mm., R=7 r+; breadth of 
ray at base,4.5 mm. Raysslender, tapering, disk small; plates cruci- 
form, in regular series, each bearing a short thorny spinelet and 1-to 
3 ovoid forcipiform pedicellariae. Adambulacral armature: a trans- 
verse row of 3, then 2, spinelets 2 to 3 times longer than those of the 
adjacent actinal and marginal plates, and here and there along the 
ray a large unguiculate pedicellaria usually borne on or near the 
furrow margin; 5 oral spinelets. 

Description.—Plates of ray 4-lobed or 3-lobed and arranged in 
longitudinal and less regular transverse series. There is a midradial 
or carinal series, a superomarginal, inferomarginal, and 2 actinal 
intermediate series. Between the carinal and superomarginal series, 
which are regular, is a zigzag series of dorsolateral plates, or what 
might equally well be considered 2 series of 3-lobed plates alternating 
in position, with reference to the plates of the neighboring series. 
At the base of the ray an elliptical secondary plate is interpolated 
(usually) between the alternate adradial plates and the carinals 
and between the other dorsolaterals and the superomarginals. A 
similar plate connects the proximal superomarginals with the corre- 
sponding inferomarginals. On the disk there are 2 or 3 plates of a 
third actinal intermediate series adjacent to the adambulacral plates. 
The first intermediate series reaches about half the length of ray, 
the second a little less than one-third. The inferomarginals are 
therefore contiguous to the adambulacrals on the outer half of the 


1 Fisher, 1918, p. 108. 
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ray. The plates each bear a short, somewhat four-sided, only 
slightly tapered, spinelet, superficially truncate, but really terminat- 
ing in 38 or 4 minute sharp prongs, with sometimes accessory points 
below them. These spinelets are 0.4 to 0.6 mm. in length and 0.15 
to 0.18 mm. thick just above the base. These spinelets are borne on 
a Slight rounded eminence at the middle of the plate. A few abacti- 
nal plates have a smaller accessory spinule on one of the lobes. 
Each plate bears also 1 to 4 forcipiform, ovoid pedicellariae, usually 
on the margin of the papular areas, and about 0.36 to 0.38 mm. in 
length. These have the appearance in the dry specimen of being 
pretty uniformly scattered over the surface of the body. 

There are 8 longitudinal rows of somewhat quadrate papular areas, 
which usually contain a single papula. Im addition between the 
first and second actinal intermediate series of plates is a very short 
series of narrow subtriangular papular areas. 

The terminal plate is large and subcircular except on the side 
toward the ray, where there is an obtuse angular notch or indentation. 
The plate is covered with spinelets 2 or 3 times as long as those of the 
adjacent abactinal and marginal plates. 

Adambulacral armature, a regular transverse series of 3 slender, 
tapering pointed, slightly thorny spinlets, the median a trifle the 
largest, borne on a moderately developed ridge of the plate. On the 
outer two-thirds of the ray there are only 2 such spines. About 6 or 8 
plates along either side of each furrow, and irregularly spaced, bear 
on the inner edge, near the furrow spine, a relatively huge unguicu- 
late forficiform pedicellaria, with usually three curved claws or 
teeth. These are 1 to 1.2 mm. long and resemble 2 minute clasped 
hands (with 3 short fingers). On 2 rays there is a large pedicellaria 
on the outer side of the third plate. Most of the adambulacral plates 
have also an ordinary forcipiform pedicellaria just externa] to the 
outermost spine. 

Mouth plates fairly prominent and with a prominent median 
suture. The form of the combined pair is a truncated oval, the sub- 
oral surface being narrower toward the inner than at the outer end. 
Armature: a single series of tapered spinules, there being usually 3 
larger ones on the actinal surface and 2 conspicuously smaller ones, 
one above the other, on the actinostomial face of the plate. One plate 
has a large cat-claw pedicellaria on the outer, furrow corner. 

Tube feet strictly biserial. Madreporic body flat, with radiating 
coarse striae. It is situated about midway along the minor radius. 

Type.—Cat. No. 37030, U.S.N.M. 

Type-locality Station 5656, Gulf of Boni, Celebes (lat. 3° 17’ 
40’’ S.; long. 120° 36’ 45”” E.), 484 fathoms, gray mud, bottom tem- 
perature 41.2° F.; 1 specimen. 
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Remarks.—This species differs from all others of the genus in 
having relatively enormous unguiculate adambulacral pedicellariae 
in combination with proximally 3 adambulacral spines. Pedicellaster 
atratus Alcock, from the Andaman Sea and Bay of Bengal, 220 to 290 
fathoms, is of very large size for this genus, has 2 adambulacral 
spines only, and lacks the large cat-claw pedicellariae. Its color is 
described as uniform jet-black. 


PEDICELLASTER, species. 


There is a mutilated specimen of a Pedicellaster differing from the 
preceding in having 2 adambulacral spines throughout the ray, in 
lacking large forficiform cat-claw pedicellariae, in having rather 
fewer minor pedicellariae (which, however, are closely similar to 
those of chirophorus). The spinelets are enveloped in a very evident 
sacculus. 

Station 5630, south of Patiente Strait (lat. 0° 56’ 30’’ S.; long. 128° 
05’ E.), 569 fathoms, coral sand, mud. 


Family BRISINGIDAE G. O. Sars. 


SYNOPSIS OF THE KNOWN GENERA OF BRISINGIDAE.! 


a*. Abactinal surface of disk and genital region of ray provided with numerous 
conspicuous papulae; 2 gonads to each ray; mouth plates broad and fan- 
shaped toward the actinostome, nearly closing the entrance to the ambu- 
lacral furrow; genital region of ray with transverse skeletal arches, be- 
tween which the integument is strengthened by immersed plates and 
pierced by papular pores; ray with regularly spaced, lateral, transverse 
eombs of upward of 7 conspicuous, slender spines; adambulacral plates 
higher than long, with a single, prominent subambulacral spine, frequently 
truncate and more or less spatulate proximally; first 8 to 5 pairs of 
adambulacral plates united in each interradius, and above them the 
marginal plates are similarly united; a syzygy between first and second 
adambulacral plates, and also sometimes a partial syzygy between the 
second and third and between the third and fourth plates. Genotype, 
Brisinga senvicoronata ‘Perriepe 2 eee Odinia Perrier. 

a’. A single circle of rather small papulae near margin of disk, 2 papulae cor- 
responding to each ray; rays, aS in Brisinga, without papulae. First and 
second adambulacral plates united by a syzygy (nonmuscular symphysis) 
and upper part of second and third ambulacral plates united by syzygy; 
gonads numerous, in series; first pair of adambulacral plates in each 
interbrachium closely united (as in figs. 2 and 2a; pl. 156). Genotype, 
BTUSUTOU UIC MEMS D CT 8 2 2 0 Se os le at bt Brisingenes Fisher. 

1°. No papulae present either on disk or on rays. 

b* No visible abactinal skeleton on rays but embryonic plates may be con- 
cealed in the thin integument; gonads unknown. 

c. Minute embryonic lattice-plates are present in abactinal integument of 

rays; functional skeleton of ray reduced to ambulacral and adam- 


1 For Labidiaster, see under Pedicellasteridae. 
13484—Bull. 100—19——33 
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bulacral plates; disk finely spinulate, a few spinelets extending upon 
ray; interbrachial skeleton resembling that of Brisingella, but the 
first marginals unequal in size; first adambulacral plates entirely sep- 
arated; adambulacral armature very simple. Genotype, Hymeno- 
QISCUS* AG ASSTZUU ER CETL. aa ae tere es eran ee Hymenodiscus Perrier.* 

@ Rays composed of ambulacral and adambulacral plates and an abactinal 
integument devoid of skeleton, but covered with numerous, relatively 
large pedicellariae arranged in transverse bands. Disk not known. 
Genotype, Gymnobrisinga sarsti Studer_______ Gyumnobrisinga Studer. 

b®?, Abactinal skeleton present on disk, and on proximal portion of rays at 
least, either in the form of transverse independent skeletal arches or 
as a continuous covering of thin plates, or both arches and intervening 
thin plates. 

c’. Disk plates large, with a comparatively few, fairly large, disk spines, 
and a vertical series of about 4 conspicuous, lateral spines to each 
successive skeletal arch of the rays, these lateral combs occurring at 
regular intervals all along side of ray; mouth plates expanded fan- 
wise toward actinostome, nearly closing entrance to ambulacral fur- 
row; subambulacral spine with a modified truncate tip; first pair of 
adambulacral plates of each interbrachial angle united, but the 
united pair of conspicuous first marginal plates is interpolated from 
above between their distal ends; syzygy: (?); related to Odinia. 
Genotype, Brisingaster robillardi de Loriol____Brisingaster de Loriol. 

ec. Disk plates small, bearing 1 to several small spinelets; on the ray 

only 1 lateral or marginal spine corresponding to the variably spaced 

inferomarginal plates; never a vertical comb of conspicuous lateral 
spines. 

@ First and second adambulacral plates as well as the upper part of the 

second and third ambulacral plates united by syzygy (nonmuscular 

symphysis). 


1For description see Perrier, 1884, p. 189, pls. 1 and 2. The type of Hymenodiscus 
agassizi (No. 1448, Museum Comparative Zoélogy) is almost certainly a very immature 
specimen, as it is small, and there are no gonads. There are no skeletal arches on the 
rays and the greater part of the thin abactinal integument has been removed. The fine 
spinulation of the disk extends upon the base of the ray. The abactinal integument of 
the ray, although very delicate, contains a single layer of latticework holothuroid plates, 
some of which at the very base of the ray bear minute spinelets. From this it would 
seem that the abactinal wall of the ray is destined to be similar to that of Freyella, 
unless in the fully adult animals the plates retain their embryonic character. 

The interbrachium resembles that of Brisingella, but differs in having the first mar- 
ginals (those which bound the apex of the interbrachial angle) unequal in size. (See 
Fisher 1918, p. 104, figs. 1 and 2.) In Brisingella these plates are equal, and the suture 
between the interradial ends is on a line with the interradial, or median oral, suture. 
There is a distinct syzygy between the first and second adambulacral plates. The inter- 
brachia are not so open as in Brisingella, as the inner ends of the first adambulacral plates 
are normally in contact, or very nearly so. In an adult specimen we would expect to 
find these plates still closer together. It is worth noting that in Freyellaster and in 
Brisinga, s. s., the first marginal plates are of unequal size. (See pl. 156, figs. 1 and 1a.) 
Yet in its present juvenile form the interbrachial angle is different from that of either 
Freyellaster or Brisinga, while the entire absence of costal arches, as well as of gonads, 
may tfeasonably be attributed to immaturity. It does not seem possible to identify this 
problematical form with any other genus, except the even less known Gymnobrisinga of 
Studer. 

Gymnobrisinga sarsii (Abhandl. Akad. Wiss. Berlin, Anhang, Abth. 2, 1884, p. 13, pl. 3, 
fig. 5) is based upon a brisingold ray only. This lacks a dorsal skeleton, and while the 
large pedicellaria figured by Studer is different from those of Hymenodiscus agassizi, I am 
quite unprepared to offer an opinion as to the generic distinctness of the two species. 


es 


STARFISHES OF THE PHILIPPINE SEAS. 503 


e’. Abactinal skeleton of rays in the form of independent spaced arches 
or costae composed of elongate, more or less compressed, over- 
lapping plates, projecting well above the level of the intervening 
integument and bearing small spinelets; intercostal integument 
not fortified by thin, immersed, spineless fenestrated plates. 

f. Gonads numerous, in a series along either side of each ray; the 
interradial (first) pair of adambulacral plates is joined by their 
lateral faces, and above them is a united pair of first marginal 
plates—four in all. (Figs. 1 and 1a, pl. 156.) 

g. Subambulacral spines of proximal adambulacral plates slender, 
acicular; the accessory subambulacral spine, if present, is on 
the adoral half of the plate; adambulacral armature is 
not dense and crowded. Genotype, Brisinga endecacnemos 
IASI) GUNS OMe ee aed aS a Ye Brisinga Asbj¢grnsen. 

g’. Subambulacral spines of proximal adambulacral plates with 
modified, capitate, often truncate, tips; second subambulacral 
spine regularly present, prominent, and near aboral end 
of plate; adambulacral plates short, with crowded arma- 
ture. Genotype, Brisinga panopla Fisher. 

Craterobrisinga Fisher. 

f. Gonads 2 to each ray (one on each side) ; subambulacral spines 
all delicate and acicular. 

g. The interradial (first) pair of adambulacral plates is joined by 
their lateral faces, and above them is a united pair of first 
marginal plates—4 in all. (Figs. 2 and 2a, pl. 156.) Geno- 
type, Brisinga moluccana Wisher______ Astrostephane Fisher. 

g*. The interradial (first) pair of adambulacral plates is not joined, 
but separate, the outer end of the combined mouth plates 
being usually interpolated between the inner ends of these 
adambulacral plates; first pair of marginal plates is not 
closely united by their lateral faces but only by the adoral 
ends, to which also is closely united the lower end of the 
interradial plate, forming a rude reversed Y, of which the 
angle is the apex of the interbrachial angle and the arms 
are the first marginal plates (figs. 3 and 8a, pl. 156) ; adambu- 
lacral plates slender, with delicate subambulacral spine; rays 
delicate, very deciduous. Genotype, Brisinga fragilis Fisher. 

Brisingella Fisher. 

e*, Abactinal skeleton of rays consisting of independent compressed 
arches or costae as in Brisinga, but the integument between the 
arches is crowded with numerous, spineless, immersed, fenes- 
trated, thin plates, sometimes slightly overlapping, yet leaving 
the integument quite flexible; gonads 2 or 4 to each ray. 

f. First pair of adambulacral plates united, and joined to their 
upper side is a united pair of marginal plates, 4 in all, as in 
Brisinga; proximal adambulacral plates higher than long; 
gonads 2 to each ray. Genotype, Brisinga (Stegnobrisinga) 
DUOCOCCIIN Gs WISNCT Ss soe s ee Stegnobrisinga Fisher. 

f’. First pair of adambulacral plates not joined together by their 
lateral faces, but separate; first pair of marginal plates is not 
closely united by their lateral faces, but only by the adoral 
ends, to which also is closely united the lower end of the 
interradial plate, forming a rude inverted Y, of which the 
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angle is the apex of the interbrachial angle and the arms are 
the first marginal plates (figs. 8 and 3a, pl. 156); proximal 
adambulacral plates not higher than long; gonads 2 or 4 to each 
ray. Genotype, Brisinga panamensis Ludwig_Astrolirus Fisher.* 

e*. Abactinal skeleton of genital region of ray composed of a uniform 
armor of thin spiniferous, more or less overlapping plates, but 
not of independent arches or costae. 

f'. Primary plates of disk much larger than the others which are 
small; gonads 2 to each ray; an interradial plate, vertical in 
pesition, is interpolated between the proximal ends of the first 
adambulacral plates, and touches the mouth plates, but does not 
encroach upon the actinal surface as in Colpaster. Genotype, 
Belgiceltla racovitzana Ludwig___-__-_______ Belgicelia Ludwig. 

f. Primary plates of disk not conspicuous, and not distinguishable 
from the other abactinal plates of disk. 

g. An azygous interradial plate, shield-shaped and conspicuous 
superficially on the actinal surface, separates the first pair 
of free adambulacral plates; gonads unknown. Genotype, 
Colpaster scutigerulus Sladen_____________ Colpaster Sladen. 

g*. First pair of adambulacral plates not separated by an azygous 
plate, but united as in Brisinga, and above them is a pair 
of conspicuous, united, first marginal plates—4 in all in each 
interradial angle; gonads numerous, in a series along either 
side of the ray. Genotype, Freyella fecunda Fisher. 

Freyellaster Fisher. 

a. No syzygy, or nonmuscular symphysis, between the first and second 
adambulacral plates nor between the upper part of the second and 
third ambulacral plates, but a normal muscular symphysis not 
different from the others; no marginal plates directly above the first 
pair of adambulacral plates; the latter are usually not united except 
sometimes by the proximal ends; touching the lower end of the inter- 
radial plate is a pair of very inconspicuous plates lying in the same 
plane, and superficially appearing to be a part of the interradial 
plate.” These are really the outer ends of the mouth plates which 
project dorsally behind the first pair of adambulacral plates. The 
latter, by sometimes touching at their inner ends or apposing their 
lateral faces, segregate this dorsal portion of the mouth plates from 
the actinal, spine-bearing part. For this reason they may easily be 

mistaken for 2 entirely independent plates (see fig. 4, pl. 156). 

e. Abactinal skeleton of ray composed of a uniform armor of thin, 
spiniferous more or less overlapping plates as in Preyellaster, not 
of spaced, independent arches or costae; furrow spinelets not 
modified or expanded at the tip. Genotype, freyella spinosa 
PONT) Coe ise ean oa NE ee eee Freyella Perrier. 

e’?. Abactinal skeleton of ray composed of independent transverse 
arches, composed, on radial area, of flattened, overlapping plates 
(not of elongate, narrow, more or less compressed ossicles as in 
Brisinga) ; these costae bear spinelets and are separated by inter- 
vals devoid of plates; furrow spinelets with curiously modified 
expanded tips. Genotype, Astrocles actinodetus__Astrocles Fisher." 


1 Fisher, 1917f, pp. 424, 428. 

2'The interradial plate described by Ludwig in Belgicella is very probably the true 
interradial plate plus these extreme outer ends of the mouth plates, which, unless treated 
with potash, appear to be a part of the interradial plate (Ludwig, 1903, p. 60). 

3 Fisher, 1917f, pp. 426, 430. 
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Genus GDINTA Perrier. 


Odinia Perrier, Ann. sci. nat., Zool., vol. 19, art. 8, 1885, p. 9. Type, O. 
semicoronata Perrier. 


ODINIA PENICHRA Fisher. 
Plate 142, fig. 1; plate 151, figs. 3, 3a-c. 


Odinia penichra FisHEr, 1916), p. 31. 

Diagnosis—Rays 16. Rays rather slender, the costal region ex- 
tending about half the length of ray and containing 10 to 12 com- 
plete, rather weak, conspicuously spiniferous costae, widely and 
nearly equidistantly spaced; disk with steeply beveled margin and 
conspicuous, terminally denticulate spinelets in ones and twos on 
its slightly convex plates; adambulacral armature with 1 slender 
aboral furrow spinelet and 1 actinal spine proximally bifid; oral 
plates with 4 or 5 actinostomial spinelets, and 1 aboral furrow spine- 
let; no suboral spine. R=100 mm., r=7.5 mm. (to edge of disk), 
R=13.3 r; breadth of ray at base, 3.5 mm.; breadth of actinostome, 
9 mm. 

Description —Disk with a beveled margin and closely placed, 
slightly convex, plates bearing usually 1, but sometimes 2 or 38 
slender, tapering, spaced spinelets one-half to once their length apart 
and about 0.75 mm. in length. The tip of the spine consists of 
several very minute points, and there is usually a tiny pedicellaria 
at the base. Papulae conspicuous and distributed all over disk. 

Rays slender, only slightly inflated at base, and with 10-12 com- 
plete, rather weak, widely spaced costae, extending nearly half the 
length of ray. Beyond these are 3 or 4 rudimentary costae hidden 
by pedicellariae. The first costa is about one-third the diameter 
of disk from the base, and the first 6 or 7 intercostal spaces are paved 
with irregular contiguous plates, becoming disconnected in the 7th 
and 8th spaces. Scattered plates of the first 2 intercostal areas bear 
small sharp spinelets. The costae bear spaced, conspicuous, slender 
spines, usually about 10, of which 3 on each side are much the long- 
est, and the 4 or 5 median are the shortest, except on the first 2 or 3 
costae, where the lateral spines are obsolete. The median costal spines 
of the first 2 or 3 arches are about 2 mm. in length and decrease 
slightly in length aborad while the lateral 3 spines increase. Of 
these the outermost is longest and equals the length of about 3.5 con- 
secutive adambulacral plates. The spines are covered with pedicel- 
lariae and the papulae extend to the last complete arch, decreasing 
gradually in number distad. Beyond the eleventh or twelfth costal 
arch only the 3 lateral spines persist, the median portion of the 
costa becoming at first rudimentary, these disappearing. 

First 10 adambulacral plates a little higher than long, but length 
and width about equal as seen directly from below. First 3 subam- 
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bulacral spines tapering and pointed, then compressed, broad and 
often bifid at tip, the 2 parts being truncate. ‘These spines are about 
2-9.5 adambulacral plates in length, and increase very slightly up to 
the fifteenth, whence they soon lose the truncate tip and decrease 
gradually in length. At the end of the costal region the subambulac- 
ral spine is about three-fourths the length of the adjacent lateral spine. 
On the aboral apophysis of the plate is a single furrow spinelet about 
the length of the plate. Beyond the proximal two-thirds of the 
costal region this is usually lacking. 

Mouth plates with an expanded, curved, actinostomial border, a 
very excavated furrow margin and a less expanded margin adjacent 
to first adambulacral. No suboral spine. At the outer furrow corner 
is 1 furrow spinelet about one-third the sutural length of plate. Acti- 
nostomial margin with 4 or 5 spinelets (8 to 10 for the combined 
plates) spread fan-wise toward actinostome and mouth of furrow, 
where they interdigitate but do not fuse. The lateral spinelets are 
slightly the longest as a rule. They bear a few pedicellariae. 

Gonads are 2 to each ray. 

Madrepodiec body small and turned toward the margin. 

Type.—Cat. No. 37019, U.S.N.M. 

Type-locality—Station 5217, between Burias and Luzon, 105 
fathoms, coarse gray sand; 1 specimen. 

Distribution.—Known only from the type-locality. 

Remarks.—In general appearance this species resembles Odinia 
austini Koehler and is about the same size as that form, from which 
it differs in having a more extensive costal region, the first costa 
being opposite the fifth instead of the fifteenth adambulacral plate; 
in having on the proximal adambulacral plates an aboral furrow 
spinelet, and, judging by Koehler’s figure (1909, pl. 18, fig. 6), a 
differently formed oral angle. In O. penichra the mouth plates are 
much larger than in auvstini, the actinostomial margin is broader, the 
pair of plates are more constricted medially, the spinelets bear pedi- 
cellariae,and there isa distal furrow spinelet. According to Koeh- 
ler’s figure the rays are joined together as far as the beginning of the 
sixth adambulacral plates; in O. penichra only the first three are 
joined. The mouth plates also differ from those of O. elarki Koeh- 
ler (1909, pl. 4, fig. 7) both in form and in lacking a suboral spine. 
In O. penichra the plates are much expanded at the outer as well 
as the inner end, and there is an aboral furrow spinelet. In neither 
clarki or austini is this the case. O. clarki differs further in having 
more numerous costae, more conspicuous costal spines, a greater dis- 
tance between the disk and the first costal spine, and 1 suboral spine. 
In O. pacifica Fisher, from the Hawaiian Islands, the disk spinelets 
are cylindrical or swollen at the tip, which ends in many minute 
points, and there are more often 2 or 3 spinelets to a plate than 1; 
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there are only 6 or 7 easily recognized costae (only about 5 being 
conspicuous), confined to the proximal fourth or less of the ray, and 
the proximal ridges are very indistinct, with a few scattered spines 
in the median region and none on the sides; there is a short suboral 
spine, and the marginal oral spinelets are shorter. 
ODINIA MAGISTER Fisher. 

Plate 143, figs. 1, 2; plate 144, fig. 2; plate 151, fig. 4; plate 152, figs. 3, 3a (see 

also plate 152, fig. 2, Odinia pacifica). 

Odinia magister FIsHER, 1917), p. 93. 

Diagnosis —Differing from O. pacifica Fisher in having a per- 
fectly smooth integument on the genital region, in having more nu- 
merous, stouter and shorter spines (6 or 7) on the largest lateral fans 
beyond the genital region, and in having a differently formed artic- 
uwlating surface to the first pair of ambulacral plates of the ray. Disk 
and number of rays unknown. Ray 350 to 360 mm.; breadth at base, 
measured at fifth adambulacral plate (the first one which is not 
joined to its vis-4-vis of the adjacent ray) 10 mm. Size very large; 
genital region occupying about one-fourth total length of ray, and 
crossed by about 10 costae, the first 4 or 5 being very irregular and 
hard to distinguish; lateral spines 5 to 7, 4 and 3 distally; only 1 
actinal adambulacral spine, proximally flattened and grooved at 
tip; pedicellariae all small; none on the integument of genital 
region; no integumentary prickles or spinelets. 

Description—Ray greatly swollen for about a fourth of its length 
by the gonads, the highest portion being 25 mm., about 25 mm. from 
the base. The breadth at this point is 17 to 20 mm. The swollen 
region tapers from this place into the distal two-thirds of the arm, 
which is not enlarged. The skin of the genital region is smooth and 
entirely devoid of prickles or minute spinelets of any sort, and there 
are no thickly and evenly distributed pedicellariae, such as charac- 
terize O. pacijica. This skin hides the reticulated skeleton of the 
basal portion of the ray. For the first 40 mm. of the ray the costal 
bands of plates are evident superficially only in the mid-dorsal 
region, where each spaced ridge bears 1 to 3 stout acicular spines 
about 7 mm. long, incased in a sacculus of pedicellariae. The inter- 
vals between the ridges are 5 to 10 mm., differing with the distension 
of the integument. If a portion of the body wall is treated with 
caustic potash and dried the plates are seen to be very irregular in 
shape and diverse in size. The costal plates are elongated, with 
often 1 or 2 lateral lobes, while the plates which bear the spines are 
stellate, with 5 or 6 broad, more or less unequal, lobes. The inter- 
costal plates are thin, flat, and overlapping. In the very irregular 
spaces between them 1 to 5 long vermiform, pointed papulae emerge. 
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Beyond the first 40mm. of the ray the costae become well defined 
and increasingly more prominent, especially on the sides, and bear 
about 10 spines, spaced all the way across the arm, and longest lat- 
erally (10 mm.). Beyond the 80 mm. mark they become more and 
more localized laterally into fans of sacculated spines borne on a 
prominent transverse ridge, while the median portion of the ray is 
devoid both of spines and plates. Proximally there are 6 or 7 spines 
to a comb (the second and third from the lowest usually the longest, 
about 12 mm.), then 5 for a considerable distance, then 4, and finally 
3 at the end of the ray. (See pl. 148, fig. 2.) As soon as the spines 
are segregated on lateral combs, pedicellariae in circular cushions 
appear on the radial area and between the combs, and these pads or 
flaps sometimes coalesce into incomplete transverse bands. The 
spines themselves are invested with a thick sacculus, covered with 
small pedicellariae. 

The papulae extend about 110 mm. from base of ray (one-third the 
total length), and the lateral papulae are often very much swollen 
at the base, as if distended by products of excretion. 

The adambulacral plates are higher than long and bear only 1 
large erect spine, which, proximally, is usually flattened and sub- 
truncate at the tip. The terminal portion is not much widened, but 
there is usually a very evident longitudinal furrow (sometimes 2). 
The spine then has a couple of incipient truncate or sharp exfremi- 
ties. Beyond the basal third of the ray the extremity of the spine 
is tapered and either sharp or truncate, and often retains the groove 
and the 2 more or less well-defined tips. On the outer side of the 
spine is a thick felting of pedicellariae on a flange of tissue which 
extends as a flap or pennant beyond the tip of the spine for half or 
three-quarters its length. The combs of lateral spines are opposite 
about every third adambulacral plate; there are thus 2 plates inter- 
polated between the plates which have the lateral spines opposite 
them. 

The proximal half of the “genital region” is packed with the 
gonads which consist of long, slender, mostly dichotomously branched 
tubules. These converge and open to the exterior 19 mm. from the 
base of the ray and 12 mm. above the actinal surface of the adambu- 
lacral plates. The distal half of the inflated region is filled with 
the lobulated tubules of the hepatic coeca, which extend nearly half 
the length of ray. The lobes seem to be solid and are attached to a 
long axial canal which is scarcely evident above the testes. The 
lobules when crushed give out numerous oil globules. 

Type.—Cat. No. 37026, U.S.N.M. 

Type-locality Station 5258, off southern Panay (lat. 10° 27’ 45” 
N.; long. 122° 12’ 30” E.) ; marked intermediate haul in list of dredg- 
ing stations. 
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Remarks.—This large species differs from O. pacificu in having 
more numerous, stouter, and shorter spines on the largest lateral 
fans. In pacifica the spines are 4 to a comb, very slender, and the 
longest equal 7.5 to 8 plates in length while in magister there are 
6 or 7 spines, 6 to 6.5 plates in length. In magister the skin of the 
genital region is perfectly smooth; in pacifica it is thickly peppered 
with minute pedicellariae. The articulating surface of the first pair 
of ambulacral ossicles (at base of ray) has, in magister, a nearly 
elliptical contour, but in pacifica the upper end is much broader than 
the lower (see pl. 152, figs. 2 and 3a). 

Odinia penichra Fisher and O. clarki Koehler have a furrow 
spine; the former has spinelets on the integument between the proxi- 
mal costal ridges, and scattered pedicellariae, while clarki has a long 
genital region with numerous complete costae, bearing each a com- 
plete series of robust conspicuous spines, and has only 4 spines in 
the lateral fans beyond the genital region. 

In O. austini Koehler, which is of a delicate habit, like penichra, 
there are no furrow spinelets, but at the very base of the ray there 
are abactinal spinelets scattered among the papulae, the well spaced 
7 or 8 costae are quite distinct, and there are only 3 or 4 lateral 
spines beyond the costal region. 


Genus BRISINGA Asbjornsen. 


Brisinga ASBJZRNSEN, Fauna Litt. Norvegiae, 1856, andet hefte, p. 95. 
Type, B. endecacnemos Asbjgrnsen; Fisher, 1917f, p. 421, figs. 1 and 2. 
Diagnosis.—Brisingidae without papulae; with the abactinal skele- 
ton of rays in the form of transverse independent arches separated by 
intervals lacking plates (except sometimes microscopic plates carry- 
ing minute prickles) ; with numerous gonads forming a series along 
either side of each ray; with a syzygy or nonmuscular symphysis 
between the first and second adambulacral plates, and between the 
upper end of the second and third adambulacral plates; with a united 
pair of first adambulacral plates, and first marginal plates in each 
interbrachial angle—4 plates in all; with the subambulacral spines 
of proximal plates acicular, unmodified; accessory subambulacral 
spine, if present, on adoral half of plate. 

Remarks.—In B. trachydisca Fisher the distal ends of the first or 
united pair of adambulacral plates of each interradius are wedged 
apart by the united first marginal plates—or, rather, appear to be. 
In Sars’ admirable monograph of Brisinga coronata, two figures of 
B. endecacnemos (Sars, 1875, pl. 8, figs. 8 and 9) show that the first 
adambulacral plates are not joined so closely as in Brisingenes, As- 
trostephane, or Stegnobrisinga. But the structure of these inter- 
radially situated adambulacrals and marginals is quite different 
from that of the same plates of Brisingella, as may be readily de- 
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termined by examining plate 4, figures 4 and 6 of the same work. 
These figures show the structure of the plates on Brisingella coronata 
(G. O. Sars). 

B. trachydisea is the only species of the restricted genus Brisinga 
which I have examined. 

In the descriptions of the species of Brisinga and of related genera 
a formula has been introduced to denote briefly the adambulacral 
armature. This is useful for a comparison of the armatures of re- 
lated forms or for indicating variations within the species. If a 
transverse line is drawn through the middle of the plate, all the 
spines aborad of the line are listed as the numerator of a fraction, 
and all adorad to the line as the denominator. The spinelets within 
the furrow are each denoted by 7, the smaller subambulacral spines 
each by 1, and the large subambulacral spine, nearly always single, 
by Z. Thus if there is an aboral and an adoral furrow spinlet, one 
adoral subambulacral spine of small size, and the major subambu- 
lacral spine is situated exactly in the middle of the plate (it is very 


often aborad of the middle) the formula would read Spel 7 Or 


atl 
t+1° 
is sometimes hard to decide whether a small spinelet should be classed 
as a minor subambulacral, or as a furrow spinelet; that is, whether it 
should be written z or 7. 


if the large spine is aborad of the middle, In practice it 


BRISINGA TRACHYDISCA Fisher. 
Plate 145; plate 149, fig. 5; plate 152, figs. 1, la—c; plate 156, figs. 1, la. 


Brisinga trachydisca FIsHER, 1916), p. 31. 

Diagnosis.—Rays 13 or 12; a multicostate form with the spinelets 
of disk in groups of 2 to 6, spaced like pseudopaxillae; costae 40-45 
very prominent, irregular and sinuous, without intercostal bands of 
pedicellariae, and with relatively coarse spinelets, the costal region 
occupying more than a third of the total length of ray but less than 
one-half; adambulacral plates not crowded; armature with 1 aboral 
furrow spinelet, 1 adoral actinal spine, 14 to 12 the length of the 
plate, and 1 prominent actinal spine 8 times the length of plate. 
Rays slender, very long; breadth of disk equals 4 to 44 times width 
of ray at base. 

Description —Disk moderate, with rounded margin, the abactinal 
surface plane and not much elevated above base of rays; spinelets 
in groups of 2 to 6 on small, spaced, convex plates resembling 
pseudopaxillae; spinelets slightly tapered, sharp, the tip ending in 
several minute points, the base sometimes provided with a minute 
crossed pedicellaria, these scattered also over the intervening integu- 
ment. 
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Rays rather slender, but slightly swollen at base. Costae 40-45 
occupying more than a third of the total length of ray, but less than 
one-half. They are irregular, compressed, and very prominent, the 
sinuous ridge or summit being armed with comparatively coarse, 
sharp, conical spinelets, their bases flaring, often touching. Some- 
times there are two series of them. The costae are frequently in- 
complete. There are numerous, microscopic pedicellariae on the 
costae, but no bands of them between the ridges, or at any rate only 
rudiments, but these bands occur on the outer part of the ray, be- 
yond the region of the ridges. At the base of the ray there 
are about 6 lateral plates joined, in a series, and the first lateral 
spine, very slender and sharp, is at about the fifth adambulacral. 
The succeeding spines occur opposite every other adambulacral, to 
which the plate is firmly fastened, and are very slender, increasing in’ 
length until in the outer part of the costal region they equal in 
length about 6 adambulacrals. 

Adambulacral plates proximally a trifle longer than wide and 
shallowly excavated toward - furrow. The formula of the arma- 
ture is Pe or near the disk - ae ao I- The aboral furrow spinelet (2) is 
about as long as the plate measured in the middle of the actinal sur- 
face; the large actinal spine (/) is slender and sharp and 3 times 
the length of the plate, while the adoral actinal spine is 14 to 13 the 
length of the plate. A specimen from station 5494 has a few prox- 
imal plates with 2 adoral actinal spines, forming with the large spine 


an oblique series of 3 (5): An infrequent variation is 2 aboral 


furrow spinelets (355). The lateral spines are thickly covered 


with a sheath of pedicellariae, while the adambulacral spines are 
somewhat less thickly covered, and tend to be free from them on the 
side toward furrow. 

Mouth plates with a furrow spine extending halfway across mouth 
of furrow, and another at the aboral end of plate; a small actino- 
stomial spinelet just mesad to the base of the former and two-thirds 
its length; at the outer end of plate a large suboral, pointed spine 5 
times the length of plates, invested with a pedicellaria-covered 
sacculus which extends half the length of the spine or more beyond 
the end. Tube feet covered with microscopic lanceolate glands. 

Madreporic body small. The articular surface of the pair of am- 
bulacrals of the disk, where a ray has broken off, is much broader 
above than below, the breadth being about equal to the height, 
measured from the radial water tube. 

Gonads and proximal adambulacral plates as in generic diagnosis. 

Type.—Cat. No. 37020, U.S.N.M. 
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Type-locality—Station 5491, between Leyte and Mindanao, 736 
fathoms, green mud, coral, bottom temperature 52.3° F.; 1 speci- 
men. 

Distribution—Philippine Islands, 604 to 772 fathoms. 

Specimens examined.—Besides the type, 11, from the following 
stations : 

Station 5215, east of Masbate, 604 fathoms, green mud; 1 specimen. 

Station 5487, between Leyte and Mindanao, 732 fathoms, green 
mud, bottom temperature 52.3° F.; 8 specimens. 

Station 5488, same locality, 772 fathoms, green mud, bottom tem- 
perature 52.3° F.; 3 specimens. 

Station 5494, same locality, 678 fathoms, green mud and sand, bot- 
tom temperature 53.8° F.; 3 specimens. 

Station 5515, Iligan Bay, north coast Mindanao, “about 700 
fathoms.” 

Remarks.—There are 2 multicostate forms described by Alcock from 


the Indian region, B. andamanica (5 age ) and B. gunnia (a7 = I) 


having practically the same adambulacral formula as the present 
species, although the description of B. gunnii does not state the lo- 


cation of the smaller actinal spine. The formula might be ( == 1) 


From 2. andamanica, this species differs in having more closely 
crowded costae, with strongly, not feebly developed plates, in having 
a longer costal region, in lacking well-developed bands of pedicel- 
lariae between the costae, in having fewer (12 or 13, not 15) less 
deciduous rays, and a relatively longer minor subambulacral spine 
(the adoral). B. gunnii differs in having more numerous rays, much 
thinner disk, which has a downy appearance (spiny in trachydisca), 
only 20-80 ridges, especially prominent laterally but becoming in- 
conspicuous or obsolete abactinally, intercostal bands of pedicellariae, 
a much shorter major subambulacral spine (J of formula), a slightly 
shorter minor subambulacral spine, and mouth plates composed of 2 
incompletely fused abambulacrals, leaving a “ ligamentous symphysis 
between.” 
Genus CRATEROBRISINGA Fisher. 
Craterobrisinga FisHrer (subgenus), 1916b, p. 38; 1917f, p. 624. Type, B. 
panopla Fisher. 

Diagnosis —Differing from typical Brisinga (which it resembles 
in appearance and in the possession of serial gonads, and of closely 
opposed first adambulacral and first marginal plates of adjacent 
rays) in having proximally 2 subambulacral spines of conspicuous 
size, the larger of which (and also sometimes the smaller) has an 
enlarged, modified, capitate, often truncate tip. Costae usually 
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numerous, and genital region extended; first adambulacral plate, and 
sometimes the first 2, joined to corresponding plate or plates of the 
adjacent ray, or if rays are less than 10, the jomed pair of first mar- 
ginal plates may be more or less interpolated between the distal ends 
of the first adambulacral plates. But the first adambulacral plates 
of adjacent rays are never separated to their proximal ends so that 
the mouth plates form the apex of the interradial angle as in 
Brisingella. No matter what the number of rays may be, the first 
pair of marginal plates is closely apposed for the whole length of 
the plate, and, as stated above, their lower sides may be squeezed in 
between the outer ends of the first or interradial pair of adam- 
bulacral plates. When there are fewer than 10 rays these plates 
descend and separate the outer ends of the normally united pair of 
adambulacrals in such a way that the marginals can be seen from 
below. This seems to be a means of strengthening the actinostomial 
ring. A nonmuscular symphysis or syzygy between the first and 
second adambulacral plates, and between the dorsal end of the second 
and third ambulacral ossicles. Adambulacral plates short, with a 
crowded, characteristic armature consisting of an aboral, obliquely 
transverse series of 2 subambulacral spines and 1 or 2 furrow spine- 
lets, and usually also 1 adoral spinelet. The lateral spines and the 
major adambulacral spines are typically long and bristling. Mouth 
plates small, with 1 to 3 suboral spines. 

Remarks.—This genus is not so sharply differentiated as either 
Brisingella or Stegnobrisinga, but is readily to be recognized by the 
crowded adambulacral armature and the curiously modified, capitate 
proximal subambulacral spines, which are similar to those of Brising- 
aster de Loriol. 

The species to be included in this group are: Craterobrisinga pa- 
nopla (Fisher), C. parallela (Koehler), C. cricophora (Sladen), @. 
alberti (Fisher), C. eucoryne (Fisher), C. analoga (Fisher), @. 
variispina (Ludwig), C. multicostata (Verrill), and probably also 
the aberrant (. evermanni (Fisher). In the last species the proximal 
subambulacral spines are longer and slenderer than is usual in Cra- 
terobrisinga, and the modified tip is not so heavy as in typical species, 
nor is the adambulacral armature so crowded. The second sub- 
ambulacral spine is frequently quite small and easily mistaken for 
an aboral furrow spinelet, but on certain plates, without any regu- 
larity that I can discover, this inner subambulacral spine becomes 
nearly as large as the outer. On such plates there is usually also an 
aboral furrow spinelet, making 3 in an oblique transverse series, with 
the lateral spine additional, if such happens to be present. These en- 
larged, inner subambulacral spines are present on the outer part of 
the costal region and beyond and are not shown in the figures of the 
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adambulacral plates given by me in connection with the original de- 
scription (Fisher, 1906, pl. 48, figs. 2, 2a). In these figures only the 
dwarfed inner subambulacral spines are shown. The adoral spinelet 
appears never to be present. 


CRATEROBRISINGA EUCORYNE Fisher. 


Plate 143, fig. 8; plate 148, figs. 46; plate 149, fig. 2; plate 154, figs. la-c. 


Brisinga (Craterobrisinga) eucoryne FIsHER, 1916), p. 33. 
Oraterobrisinga eucoryne FISHER, 1917f, p. 426. 

Diagnosis—Rays 11. Related to @. alberti (Fisher). Five or 6 
inconspicuous rudimentary costae at base of ray, followed by 17 to 
20 well-spaced prominent ridges occupying proximal third of ray; 
numerous small integumentary spinelets, and about 3 inconspicuous 
bands of pedicellariae between the costae, which are composed of 
elongate elliptical plates, usually not compressed, bearing 1 or 2 
spinelets in center; disk small, with crowded, rather long, solitary 
spinelets giving a hirsute appearance; adambulacral plates proxi- 
mally wider than long with crowded armature; first dozen plates 
with also the slenderer of the 2 subambulacrals often truncate and 
slightly flaring; typical formule a or are 2 (instead 
of 1) large subambulacral spines characteristic; each mouth plate 
with 2 large pointed suboral spines. Breadth of disk=34 times 
width of ray at base (6 mm.); actinostome=2 times same; height 
of disk=2 breadth of ray at base. R=205+mm. r=10.5 mm. 
(small section from tip of ray missing). 

Description.—Disk small, with an abrupt rounded border and 
rather prominent, vertical, interradial plates. Disk covered with 
relatively long, solitary, delicate, glassy spinelets, which by reason 
of their thick saccular investment have usually a blunt papilliform 
appearance and give a hirsute appearance to the disk. These spine- 
lets are about 0.75 mm. long, are longest at center of disk, decreasing 
to 0.5 mm. at the margin, and are spaced one-fourth to one-third 
their length. The spinelets are frequently directed toward a com- 
mon center forming conical groups resembling incipient spiniform 
pedicellariae. Scattered among the spinelets are relatively few 
forcipiform pedicellariae of small size. 

Rays relatively short, swollen on the costal region, which occupies 
the proximal third of ray. At the base of ray are 5 or 6 incon- 
spicuous costae, followed by 17 to 20 well-spaced, fairly prominent 
costae, which in the midradial region are almost always distorted in 
some way. The plates composing the ridges are not compressed. 
Each plate is very distinct and is in form a Jong, slender ellipse, con- 
stricted slightly in the middle where there is a short, upright, slen- 
der, sharp spinelet (sometimes 2). The surface of the plates is 
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usually evenly rounded except for the central boss, and the ends are 
spatulate and overlapping. The integument between the ribs is thin 
and is provided with delicate glassy prickles about half or two- 
thirds the length of the costal spinelets. These are very numerous 
on the proximal third of the costal area, gradually thinning out 
until there are few or none in the last 5 or 6 intercostal spaces. 
There are about 3 very inconspicuous bands of pedicellariae be- 
tween the costae and relatively few pedicellariae on the ridge itself. 
Lateral spines, beginning at about the fourth costa, articulated to a 
small subtriangular plate, which occurs opposite every other adam- 
bulacral, but occasionally opposite 2 zonsecutive plates. The first 
spine is very short, but they rapidly increase in size, attaining the 
maximum length (12 or 13 mm.) near the end of the costal region, 
where they are as long as 54 consecutive adambulacral plates, and 
very slender. 

Adambulacral plates proximally wider than long, with a crowded 
armature, which for the first few plates has the formula Se 


on the fourth or fifth plate becoming a or e+1 +I; then to 
Dataset sie 


oe mena eE 
row is a Slender spinelet, usually a little longer than the plate, but 
if there is an adoral actinal spinule the furrow spinelet is shorter. On 
the actinal surface are 2 large actinal grooved spines sometimes in a 
transverse series at middle of plate, or in an oblique series from the 
inner aboral toward outer adoral corner. The outer spine on the 
first 10 plates has a flaring truncate tip, ending in numerous points, 
which is broadest on the most proximal spines, thence decreasing in 
width as the spine increases in length. The eleventh is usually also 
truncate, but from here on the spines become pointed. The first 
spine is equal to 34 consecutive (short) adambulacrals, the eleventh, 
44 or 5 (or the first 7 plates of the ray); thence the spines become 
slenderer and longer, equaling 64 to 7 consecutive, longer, adam- 
bulacral plates on the outer part of the costal region. The other 
actinal spine on the first 2 or 3 plates is slender, pointed, and about 
three-fourths the length of the very stout outer subambulacral. From 
the fourth to the twelfth it varies from three-fourths to the length of 
the outer spine, but is slenderer and frequently has a truncate, slightly 
flaring tip, though often also a bluntly pointed one. Beyond about 
the twelfth plate it is two-thirds to four-fifths the length of the outer 
spine, is slenderer than proximally, and always is acicular. <A vari- 
able number of plates have an adoral actinal spine, one and a half to 
twice the length of the adoral furrow spine. This species has an 
unusually long secondary actinal spine. Spines covered with pedi- 
cellariae. 








At either end of the plate pointing across fur- 
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Mouth plates small. Armature consists of a spinelet at outer 
furrow corner and 2 at the inner, one directed across mouth of 
furrow and the other, which is near median suture, is directed over 
actinostome. These spinelets are a little more than half to three- 
fourths length of plate. The median suture on its outer half is 
abruptly much wider than on the inner half. (2) There are 2 suboral 
pointed spines, heavily sheathed with pedicellariae, one at either end 
of the plate, their bases occupying most of the surface of the plate. 
They are 2 to 24 times the length of the mouth plates, and they vary 
somewhat in robustness. The inner is a little the larger. Sometimes 
the tip is bifid. 

Madreporic body very small and prominent, with a few meander- 
ing striae. The articular surface of the ambulacral plate, at junc- 
tion of ray with disk, unusually small, higher than wide, with a very 
conspicuous suture (broader at the bottom) between the two plates. 

Gonads numerous, serially arranged; interradial pair of adam- 
bulacral plates and first pair of marginal plates all closely united. 

Type.—Cat. No. 37024, U.S.N.M. 

Llype-locality.— Station 5848, Palawan Passage, 375 fathoms, coral 
sand, bottom temperature 56.4° F., 2 specimens. 

Distribution—Known only from vicinity of type-locality. 

Specimens examined.—Besides the types, a fragment of a ray from 
station 5549, near type-locality, 730 fathoms, coral sand; bottom 
temperature 40.6° (identification not positive). 

Remarks.—This species closely resembles C. alberti from the Ha- 
walian Islands. It differs in having 11 rays which are relatively 
narrower at the base (9 in albert2); longer and thicker proximal 
subambulacral spines, the inner of the two being nearly as long as 
the outer on the first 10 or 12 plates, and sometimes also with an 
expanded tip; relatively longer secondary subambulacral spines 
throughout ray; larger suboral spines 2 in number instead of usually 
3; longer disk spinelets; narrower articulation surfaces of ambu- 
lacral plates where the ray joins disk. The differences between this 
and the following species are detailed under (@. analoga. 


CRATEROBRISINGA ANALOGA, new species. 


Plate 148, figs. 7, 8; plate 149, fig. 1. 


Diagnosis—Rays 11. Closely related to C. ewcoryne, from which 
it differs in having more numerous costal ridges, which occupy a 
little more than the basal half of the ray, these ridges being also 
more regular, more nearly parallel, and closer together on the swollen 
portion of the ray; instead of 5 or 6 rudimentary ridges at base of 
ray. as in eucoryne, there are only 1 or 2; disk with slightly shorter 
spinelets. R=235 mm., r=10 mm. 
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Description—The disk is very similar to that of eucoryne, but the 
spinelets are a trifle shorter, a character which may or may not be 
constant. The costal region extends a little over half the length of 
the ray instead of a third, and there are about 35 costae, 1 or 2 at 
the base of the ray being incomplete and the last 10 very slender, 
but complete. The costae on the main swollen portion of the costal 
region are closer together than in ewcoryne, more regular, and more - 
nearly parallel. Two adambulacral plates, each with a rib opposite, 
are followed by a plate without a ridge; then come two ridges close 
together; then may follow 2 costae opposite alternate plates, and 
so on. There is much variation, but beyond the fifteenth or six- 
teenth costa they occur only opposite alternate plates. The proximal 
lateral spines seem to be a trifle weaker than in eucoryne. 

The adambulacral armature is very similar to that of C. eucoryne, 
with the exception that there is never an adoral subambulacral spi- 
nule in addition to the adoral furrow spinelet. The adoral furrow 
spinelet in analoga is probably really an actinal spinelet moved to 
the furrow margin. The furrow spinelets are a little less to a little 
more than the length of the plate. The second subambulacral is a 
little stouter and more often truncate on the first dozen plates than 
in eucoryne. 

The pedicellariae are similar to those of ewcoryne, but are a trifle 
narrower. 

Type.—Cat. No. 37034, U.S.N.M. 

Type-locality —Station 5348, Palawan Passage, 375 fathoms, coral 
sand; bottom temperature, 56.4° F.; one specimen. 

Distribution —Known only from the type-locality. 

Remarks.—The specimen upon which this species is based was in 
the same bottle with two of C. ewcoryne. B. parallela holds a some- 
what analogous position with reference to (. panopla, both analoga 
and parallela differing from their near relatives in having more 
regular and more nearly parallel costal arches. B. analoga is at 
once separable from both panopla and parallela in having tegumen- 
tary prickles and much fewer costae. 


Genus BRISINGENES Fisher. 
Brisingenes FisHeEr, 1917f, pp. 419, 427. Type, Brisinga mimica Fisher. 


Diagnosis.—Closely similar in appearance to typical Brisinga, but 
differing in having on the margin of disk, directly over the first pair 
of enlarged ambulacral plates of each ray, a pair of papulae. There 
is thus a circle of these papulae, twice as numerous as the number of 
rays, and the papulae of each pair are separated slightly less than 
the space between the pairs. Gonads numerous, in close series on 
either side of each ray; first adambulacral plate and first marginal 

13434—Bull. 100—19 34 
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plate joined for their whole length to the respective plates of adja- 
cent ray; thus there are 4 closely joined plates in each interradius; a 
nonmuscular symphysis or syzygy between first and second adam- 
bulacral plates and between the dorsal part of the second and third 
ambulacral plates, as in Brisinga. 

Remarks.—The two species which are included in this genus are in 
most respects closely similar to Brisinga, s. s., except for the regular 
circle of papulae near the margin of the disk, there being 2 papu- 
lae for each radius. The first pair of adambulacral plates is more 
closely joined than in true Brisinga, judging by the figure of B. 
endecacnemos Asbj¢grnsen, given by G. O. Sars (1875, pl. 7, figs. 8 
and 9.), and the condition of these plates in B. trachydisca. The 
outer ends of the plates tend to radiate apart somewhat, and in the 
second species the united first pair of marginals slips down between 
them. 


KEY TO THE SPECIES OF BRISINGENES HEREIN DESCRIBED. 


a. Conspicuous costae 25 to 30, occupying proximal fifth of ray; pedicellariae 
larger, the proximal serrate edge of each blade inconspicuous, semi- 
circular; articular surface of proximal ambulacral ossicles smaller; rays 
EL ea PIR AAI oe OB AE EE ENE ee SN a ey De mimica, p. 518 

a’. Conspicuous costae about 40, occupying proximal fourth of ray; pedicellariae 
smaller, with the proximal serrate edge of each blade relatively larger in 
proportion to total length of blade and different in form; articular surface 
of proximal ambulacral ossicles larger, the pair being 1.5 times higher than 
TOS 0a ye As ae aE ee acy ae See Ses te RC anchista, p. 521 


BRISINGENES MIMICA (Fisher). 


Plate 147, figs. 3-5; plate 149, fig. 4; plate 152, figs. 4, 4a—d. 


Brisinga mimica FisHER, 1916), p. 82. 
Brisingenes mimica FisHeEr, 1917f, p. 427. 


Diagnosis —Rays 16. Costae numerous (25 to 30), closely placed, 
prominent, irregular, with relatively coarse spinelets, without inter- 
vening bands of pedicellariae; costae confined to basal fifth of ray, 
beyond which for an equal distance are about 15 very inconspicuous 
ridges composed of small plates, but carrying a fairly heavy felting 
of pedicellariae; disk large, with isolated delicate spinelets not in 
groups; adambulacral plates proximally wider than long and 
crowded in appearance; armature typically 1 aboral furrow spinelet, 
1 aboral actinal spinule and 1 longer adoral actinal spine (equal- 
ing 2 plates in length), and 1 major spine about 3 plates in length. 
Rays slender, very long; R=385 mm., r=19 mm. 

Description—Disk large, with rounded borders. The small, 
eranuliform abactinal plates, with solitary, delicate spinelets, about 
0.75 mm. long and spaced about their own length, give the abacti- 
nal surface of disk a very finely hirsute or downy appearance. 


— a 
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Thickly scattered among the spinelets are relatively large, forcipi- 
form pedicellariae with very slender jaws. In B. anchista the pedi- 
cellariae are minute. 

Rays very long, swollen beyond the base by the gonads. Promi- 
nent costae 25 to 30 confined to basal fifth of ray, beyond which 
for an equal distance are about 15 very inconspicuous ridges com- 
posed of small plates, but carrying a fairly heavy felting of pedi- 
cellariae. The prominent costae are in the form of narrow, elevated, 
irregular ridges, bearing comparatively coarse spinelets, 2 or 3 to a 
plate. No intercostal felted bands of pedicellariae until beyond the 
region of prominent costae, where the bands occur at regular inter- 
vals but are not particularly prominent. Dorsal integument very 
thin. No integumentary prickles. About 5 closely joined lateral 
(or marginal) plates at base of ray, beyond which on the first promi- 
nent lateral plate is a tiny sharp, decidious lateral spine, which in- 
creases rapidly in length until at the outer end of the costal region 
it is about 12 mm. long or 5.5 times the length of an adambulacral 
plate. The lateral spines are opposite every other adambulacral 
plate and proximally their plate forms the base of a costal arch. 
There is also a costal arch between every 2 lateral spines, but these 
have no prominent marginal plates, as do the alternate arches. 

Adambulacral plates crowded; near the disk viewed from the side, 
their height equals 1.5 their length, and width actinally equals 1.25 
times length measured in the middle, or about the length measured 
on furrow margin. Opposite the last prominent costae the dimen- 
sions are relatively nearly the same and it is not until the middle of 
ray that the length begins to exceed the width. The typical formula 


for costal region is cans Sometimes the formula seems to be 


I 
ut : 
we because the minor aboral spinule (7) moves furrowward and 
stands close to the true furrow spinelet but even then is usually 
directed at an angle from the latter. The aboral furrow spinelet is 
about 1.25 the length of the plate, the minor aboral actinal spinule 
varying from slightly more to slightly less than the above. The 


large actinal spine equals 3 plates in length and the adoral actinal 


spine 2. On the outer attenuate part of ray the formula is eae the 
adoral actinal spinelet having moved fairly into the furrow. On 
some the large spine stands exactly in the middle, the formula then 
being . +I. The spines are all fluted and richly provided with pedi- 


cellariae, which also occur on the surface of the plate. 
Mouth plates with the following armature: a furrow spine at either 
end of the furrow margin about equal in length to width of com- 
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bined plates at middle; an actinostomial spinelet just mesad to the 
base of the inner furrow spine; at outer end of plate a long acicular 
suboral spine usually joined with its fellow in a common sheath 
which is prolonged beyond the tip. All are heavily clad with pedi- 
cellariae. 

Madreporic body very small, on rounded margin of ray. The 
articular surface of the pair of ambulacrals of the disk, where a ray 
has been broken off, is oblong elliptical in form, not oval as in B. 
trachydisca, and the height is equal to 14 times combined width. 

The pedicellariae are distinctly larger than those of B. anchista, 
being 0.4 to 0.5 mm. long. In the case of the pedicellariae of the 
furrow spinelets, the proximal serrate portion of the jaw has fewer 
teeth than in anchista, and is relatively smaller in proportion to the 
length of the jaw (see figures). 

The papulae, gonads, first adambulacral and first marginal plates 
as in generic description. 

Type.—Cat. No. 87021, U.S.N.M. 

Type-locality.—Station 5648, Buton Strait, Celebes (lat. 5° 35’ S.; 
long. 122° 20’ E,), 559 fathoms, green mud; bottom temperature 39.2° 
F, 

Distribution—Known only from type-locality. 

Remarks.—This species differs from Brisinga insularum Alcock 
and Wood-Mason in having 16 instead of 13 rays, isolated disk spine- 
lets, not tufts, no intercostal ridges of pedicellariae, more numerous 
costal ridges (13-17 in émsularwm), a small madreporic body, much 
shorter lateral spines (= 5.5 adambulacral plates as against 10 or 12 
in insularwm), somewhat shorter major subambulacral spine, longer 
adoral minor subambulacral spine. If I understand the arrange- 
ments of spines correctly, the formula for insularwm would be 
nas +I,which numerically is the same as the most characteristic 
formula of mimica. B. bengalensis has 14 rays, a small disk, with 
the abactinal spinelets in tufts, 20 costae occupying basal ninth of 
the ray, and intercostal bands of pedicellariae equally salient with 
the ribs. The adambulacral formula is similar to that of métmica, 
but the minor adoral and aboral subambulacral spines are not half 
as long as their plate, from which it may be surmised that the plates 
themselves are longer than in mémica, and the aforesaid spines 
shorter. They may also be true furrow spinelets in the sense I have 
used the term, in which case the formula would be a bit unusual, 


7 +I. Of course the generic position of B. insularum and B. benga- 


lensis is not yet ascertained. 

This species superficially resembles Stegnobrisinga placoderma, 
which I have placed in a separate genus. The types of both spe- 
cies were taken at the same haul. 
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BRISINGENES ANCHISTA, new species. 
Plate 146; plate 153, figs. 3, 3a—d; plate 154, fig. 4. 


Diagnosis —Closely resembling B. mimica, but differing in having 
14 rays, smaller pedicellariae, of which the proximal serrate portion 
of each blade has more numerous teeth, and is of different form; in 
having more numerous and more regular prominent costae, longer 
costal region, longer oral spines at mouth of furrow, longer mouth 
plates, and decidedly larger articular surface to the ambulacral plates, 
where ray is detached from disk. Adambulacral armature typically 
ee Breadth of disk=44 times width of ray at base; actino- 
stome=3 times same; height of disk—breadth of ray at base. R= 
360-+-mm., r=19 mm. (tip of ray missing). Rays, 14. 

Description.—Disk covered with fine spinelets, 1 to a plate, spaced 
about their own length (0.5 mm.) apart and decreasing very slightly 
in length toward the center of disk. Many of the spinelets have a 
small pedicellaria attached to them, distinguished from those of S. 
placoderma and B. mimica by difference in form and smaller size. 
The margin of disk is rounded and at the base of each ray, on this 
rounded border, are a couple of prominent papulae. 

Rays long, distally slender, swollen beyond the base into a de- 
pressed genital region. The difference in the costal region between 
_mimica and anchista is not great, but easily discernible, especially if 
the rays are placed side by side. In anchista there are about 40 
prominent costae which occupy the proximal fourth of the ray, and 
in addition there are about 10 or 12 very slender ridges beyond these. 
The costae are straighter; that is, less sinuous, as a rule, than in 
mimica, and the inconspicuous distal costae are fewer and occupy 
less space. There is little, if any, difference in the structure of the 
ridges themselves. In a few of the proximal intercostal spaces are 
single rudimentary bands of pedicellariae. Usually the intercostal 
spaces are without such bands. There is a subtriangular marginal 
plate opposite every other adambulacral; and opposite each inter- 
vening plate is a costal ridge which has no enlarged lateral plate and 
usually does not touch the adambulacral. The first lateral spine is 
opposite about the fifteenth adambulacral plate and only 1 mm. long. 
At the end of the region of prominent costae they are about 10 mm. 
long, or the length of 4 consecutive plates; opposite the last rudi- 
mentary rib they are 16 mm. long or 6$ adambulacral plates in length. 
They have a heavy membranous investment. 

Proximal adambulacral plates wider than long with an armature 
very similar—almost identical—to that of B. mimica. The typical 


Cla 
1 





formula is~——-— The principal variations are occasionally an 


Die : +241 
additional aboral subambulacral spinule { —— i »or the aboral 
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spinule moves nearer the furrow spinule, so that the formula is more 
properly oad - The aboral furrow spine is a little longer than the 


chord of the furrow margin and slightly longer than the adjacent 
subambulacral spinule. The adoral subambulacral spine is usually 
about two plates long, measured in the middle of the actinal sur- 
face. The major spine is rather short, being 2 to 24 plates in length 
at base of ray, and 3 at the end of the costal region. The saccular 
investment of the spines is conspicuous, often forming a wide flange 
or sheet of tissue. Sometimes several major subambulacral spines are 
joined together by their sacculi (by means of pedicellariae) so that the 
spines appear to be merged in an actinolateral membrane. 

The mouth plates are longer than those of mimica and the spine 
which is directed across the mouth of the furrow reaches the other 
side, being longer and stouter than in mémica. ‘here is a short 
actinostomial spinelet and a short aboral furrow spinelet. The slen- 
der, acicular, suboral spine stands at the extreme outer end of the 
plate and is usually invested in a common sacculus with its fellow, as 
shown in the figure. 

Madreporic body on the margin, rather small, and surrounded by a 
zone of plates free from spinelets. The articular surface of the am- 
bulacral plates, where a ray has been broken from disk, is unusually 
large, the height of the pair being 14 times the width, and about 14 
times that of the same structure in B. mimica (the disks are almost » 
exactly the same size). The figure will best show the exact form. 

Gonads, first adambulacral plates, and first marginal plates as in 
generic diagnosis. ; 

Pedicellariae are best recognized from the figures. They are every- 
where smaller than in B. mimica. <A disk pedicellaria is about 0.25 
to 0.28 mm. long (0.45 mm. in mémca) and the proximal serrate por- 
tion is longer in proportion to the length of the jaw. In the case of 
the pedicellariae from the furrow spinelets, the difference is even 
more noticeable (0.22 to 0.27 mm. in length, with more numerous 
teeth in the serrate portion). Compare, also, figures of pedicellariae 
from marginal mouth spines. 

Type.—Cat. No. 37033, U.S.N.M. 

Type-locality—Station 5648, Buton Strait, Celebes (lat. 5° 35’ 
S.; long. 122° 20’ E.), 559 fathoms, green mud; bottom temperature, 
39.27 E. 

Distribution—Known only from the type-locality. 

Remarks.—This species might easily be confused with B. mimica, 
and superficially it greatly resembles also Stegnobrisinga placo- 
derma. The types of all three were taken at the same haul, and loose 
arms were thoroughly mixed together. In the absence of disks, 
B. anchista may be distinguished from B. mimica by the size and 
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form of the pedicellariae, and by the more numerous prominent 
costae. The other differences have been fully detailed in the diag- 
nosis and description. (See also the key.) 


Genus BRISINGELLA Fisher. 
Brisingella FisHEr, 1917f, pp. 428, 427, figs. 5 and 6. Type, Brisinga fragilis 
Fisher. 

Diagnosis —Diftering from typical Brisinga in having only one 
gonad on either side of each ray; in having the first adambulacral 
plate separated from that of the adjacent ray by the outer ends of the 
combined mouth plates; in having the interradial pair of marginal 
plates joined only by the adoral ends, and forming a Y-shaped struc- 
ture with the unpaired interradial plate. Rays slender, usually very 
deciduous, a nonmuscular symphysis or syzygy uniting the first and 
second adambulacral plates, and the dorsal part of the second and 
third ambulacral plates; adambulacral plates longer than broad, with 
few or no furrow spinelets, and a sharp, unmodified, subambulacral 
spine; integument of disk thin, weak; mouth plates small, with small 
suboral spine; entrance of furrow from actinostome broad. 

Remarks.—This genus includes a number of species of the old genus 
Brisinga which are very distinct from the type, B. endecacnemos. 
They are outwardly distinguishable by the delicate rays which are 
very deciduous, by the delicate dorsal skeleton, both of disk and of 
rays, by the thin disk, and more definitely by the fact that the first 
adambulacral plate is not united with its neighbor of the adjacent 
ray, but is separated by the outer end of the combined mouth plates. 
Correlated with this the first marginal plate is not joined to its 
vis-a-vis, as in typical Brisinga, forming thus a pair of plates, snugly 
apposed, above the closely apposed first adambulacrals. But instead 
they join only by their adoral or inner ends, and with the interradial 
plate form a Y-shaped structure, the two arms of which represent 
the first marginal plates, while the zcute angle represents the inter- 
brachial angle bounded by these plates. If the lateral face of a disk 
which has lost several rays is examined it will be noted that the rays 
have broken at the syzygial or nonmuscular symphysis between the 
first and second adambulacral plates. In Brisinga one sees 2 distal 
facets close together and immediately above them 2 smaller, usually 
unequal, closely joined facets—the distal ends of the first marginal 
plates. The 2 lower (adambulacral) facets are slightly spaced. In 
Brisingella the adambulacral and marginal plate of each ray are 
joined, the latter above the former, but never those of adjacent rays. 
Always the interbrachial angle or sinus extends to the proximal end 
of the plates and keeps those of adjacent rays apart. 

More important still, in Bristnga the gonads are numerous in each 
ray and form a series of independent bodies along either side of the 
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genital region. In Brisingella there are always 2 gonads to each ray, © 
and although they may be branched each gonad has but a single 
aperture on the side of the ray at a little distance from the base (see 
Sars, 1875, pl. 1, fig. 12¢). 

Brisingella includes the following species: B. fragilis (Fisher), 
B. coronata (G. O. Sars), B. exilis (Fisher)), B. pusilla (Fisher), 
B. tenella (Ludwig), and probably the following species described 
by Sladen; B. verticillata, B. armillata, B. discincta, and Bb. mem- 
branacea. B. mediterranea (Perrier) probably belongs in this genus, 
although the gonads are not described. 

In his paper entitled Researches on the Structure and Affinity of 
the Genus Brisinga, based on the study of a new species, Brisinga 
coronata, George Ossian Sars describes and beautifully figures the 
anatomy of Brisingella coronata and Brisinga endecacnemos. The 
former is a typical Brisingella, and the special differential charac- 
ters are clearly shown on plate 3 (several figures of the gonads in 
situ and removed) and plate 4, figures 4, 5, 6 (characters of first 
adambulacral, marginal, and interradial plates); plate 5, figures 1, 
2, 11, 12, 15 (same ossicles). For comparison, plate 7 of the same 
work is valuable, as the serial gonads (fig. 18) and the plates of the 
actinostomial ring and base of rays (figs. 2, 5, 8, and 9) of Brisinga 
endecacnemos are clearly shown. Figure 18 may be compared with 
figure 4, plate 3; figure 7 with figure 1, plate 4; figures 8 and 9 with 
figures 4, 6, and 5, of plate 4. 

BRISINGELLA FRAGILIS (Fisher). 
Plate 156, figs. 3, 3a. 
Brisinga fragilis FisHEr, 1906, p. 1115, pl. 46, fig. 1; pl. 48, figs. 3, 3a-e. 
Brisingella fragilis PisHER, 1917f, p. 423, figs. 5 and 6, p. 427. 

One specimen from station 5123, east of Mindoro, 283 fathoms, 
green mud; 8 detached rays, only. 

There is no disk, so that the number of rays can not be ascertained. 
The secondary costae are almost obsolete as in variation A described 
and figured in the above citation. There seems to,be only 1 (adoral) 
furrow spinelet throughout the ray, and 1 comparatively small 


o+] 


subambulacral spine, the formula being 7 or * +I. In typical 


fragilis the first few adambulacral plates have an aboral furrow 
spinelet thus a this extending a variable distance along the ray 


in the varieties. The pedicellariae of the Philippine specimens are 
like those of the Hawaiian. 
Type-locality.— Station 3824, south coast of Molokai Island, Ha- 
walian Islands, 222-498 fathoms, coral rocks, broken shells. 
Distribution—Hawaiian and Philippine Islands, 253-387 fathoms. 
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Genus ASTROSTEPHANE Fisher. 


Astrostephane FisHer, 1917f, pp. 421, 422, figs. 3 and 4. Type, Brisinga 
moluccana Fisher. 

Diagnosis —Differing from typical Brisinga in having but 2 
gonads to a ray, and the proximal adambulacral plates longer than 
high, as in Brisingella. In appearance, especially that of rays, closely 
resembling Brisingella, but differing in having the first adambulacral 
plate tightly joined for its whole length to that of the adjacent ray, 
and in having directly above these a closely joined pair of first mar- 
ginal plates, as in Brisinga, Craterobrisinga, Brisingenes, and Stegno- 
brisinga; in having very prominent suboral spines bent at the base 
so that they extend horizontally into the actinostome. A nonmuscu- 
lar joint or syzygy between the first and second adambulacral plates 
and between the upper part of the second and third ambulacral 
plates; costae thin, well spaced; intercostal integument without 
spinelets and rather delicate; only 1 subambulacral spine; gonads 
large, with numerous lobes emptying by a single aperture just above 
the ambulacral plates, a little over 2 r from the base of ray; disk 
with close-set, small spinelets. 

Remarks. ET seems probable that this genus is more nearly related 
to Brisingella than to Brisinga. Fortunately, there are two very 
distinct species, so that the characters given in the diagnosis as of 
generic value are probably reasonably accurate. 

If it is contended that the condition of the interradial pair of 
adambulacral plates, whether separated (Brisingella, Astrolirus) or 
united (Brisinga, Craterobrisinga, Stegnobrisinga, Astrostephane), 
is dependent upon the number of rays, it may be stated that A. 
acanthogenys, with 11 rays, has the plates as tightly joined as A. 
moluccana, with 16 rays. In Brisingella, where this interradial pair 
of adambulacrals is separated by the outer end of the combined 
mouth plates, so that they do not touch by the lateral faces, the first 
marginal plates have a different relation, also. They form a 4 
with the unpaired interradial plate, each arm being applied to the 
upper edge of the first adambulacral plate, and the angle of the 4 
being that of the interradius. In Craterobrisinga alberti (Hawaiian 
Islands), which has 9 rays (less than in Brisingella fragilis), the 
mouth plates do not separate the first or interradial pair of adambu- 
lacrals as might be expected if the number of rays only determined 
the characteristic structure of the interradial angle of Brisingella. 
The proximal part of the plates in a/berti are normally joined, and 
the closely apposed first pair of marginals has slipped down between 
the outer ends of the adambulacrals, cementing firmly the ring of 
plates. There is no hint of the separation of the marginals to form 
the , of Brisingella. 
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e KEY TO THE SPECIES OF ASTROSTEPHANE HEREIN DESCRIBED. 


a‘. Rays 16, with prominent, complete costae and 1 to 3, usually 3, conspicu- 
ous intercostal bands of pedicellariae; disk medium sized, with abruptly 
rounded (not beveled) margin; actinostome relatively very large; 1 sub- 
oral spine to each mouth plate; disk plates with solitary spinelets only; 
lateral spines equal in length to 5 or 6 consecutive adambulacral plates; 
adambulacral armature a or ae sea MOE pe yale moluccand, p. 526. 

a. Rays 11, with about 20 complete prominent costae and 1 complete and 1 or 2 


incomplete bands of intercostal pedicellariae; disk decidedly small, with a 


beveled margin; actinostome relatively small; 2 large suboral spines to 
each mouth plate; disk plates with 1, 2, and 3 small spinelets in about 


equal numbers; lateral spines equal in length to 7 or 8 consecutive adam- 


a+T 
bulacral plates; adambulacral armature i+1 ------- acanthogenys, p. 525. 


ASTROSTEPHANE MOLUCCANA Fisher. 


Plate 147, figs. 1, 2; plate 149, fig. 3; plate 154, figs. 2, 2a—c; plate 156, figs. 2, 2a. 


Brisinga moluccana FisHER, 1916), p. 32. 
Astrostephane moluccana FIsHER, 1917f, pp. 421, 422, figs. 3 and 4. 

Diagnosis —Rays 16. Costae 25, complete, prominent, well-spaced, 
with 1 to 8 intercostal bands of pedicellariae; costal spinelets rela- 
tively coarse; disk medium, with isolated, papilliform, small spine- 
lets, and minute pedicellariae; adambulacral plates about as wide 
as long, proximally; armature typically ae or — Costal area 
swollen, occupying somewhat more than basal third of ray; integu- 
ment thin, devoid of prickles. Breadth of disk=5 times width 
of ray at base (6 mm.); actinostome=34 times same; height of 
disk=breadth of ray at base. R=410 mm., r=15 mm. (ray perfect, 
with long attenuate extremity). 

Description.—Disk medium sized, with abruptly rounded margin; 
abactinal integument fairly thin. The spaced, granuliform abactinal 
plates each with 1 papilliform spinelet about 0.5 mm. long, or less, 
the caleareous part of which is delicate and sharp. The investment 
gives the spinelets a stubby cylindrical form; some appear to be 
scarcely longer than granules. Around the base of each are 5 or 6 
very minute pedicellariae. The spinelets around the anal aperture 
are longer than the others. 

Rays swollen throughout costal region, which occupies more than 
a third and less than a half the length of ray. Costae, about 25, very 
prominent, well spaced (for half or a third width of ray). They 
are all complete, being opposite alternate adambulacrals and are 
frequently bent or bowed aborad. Between them are from 1 to 8, 
usually 3, broad, conspicuous bands of minute pedicellariae, which 
are continued beyond the costal region, slightly more frequently than 
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1 to each adambulacral plate. The membrane between the ridges is. 
thin and without integumentary prickles. The costae are com- 
pressed, higher than thick, and along the summit is a row of com- 
paratively coarse, conical spinelets (one-third to one-half total height 
of the ridge), spaced in twos and threes. First lateral spine, usually 
at second complete costal ridge, acicular, sharp, equal in length to 
14 or 2 adambulacral plates. On the outer third of the costal area 
the spines are equal in length to 5 consecutive adambulacral plates 
(12 mm.) and increases to 6 at the beginning of the distal third. 
Adambulacral plates of costal region about as long as wide. The 
armature consists of a true furrow spine at either end of the plate 
and equal to about two-thirds length of plate; aborad and actinad 
to the adoral spine is a slightly shorter one, generally pointed away 
from the furrow; the large actinal spine, equal to 2 to 3 plates in 
length, is situated on the aboral half of the plate. The formula: is 
a1 
41 
spinelet disappearing, while the large actinal spine moves to the 
middle of the plate. The distal plates are also longer than wide, 
as is generally the case. On some of the proximal plates the formula 


tl 


would stand i 


but on the outer half of ray is er , the small adoral second 


The spines are incased in a sheath armed with 


minute pedicellariae. 

Mouth plates small, with 1 spine at each end of the excavated 
furrow margin, nearly as long as the plate. The inner of these two 
is strongly bent at the base. Just mesad to it is a small actinostomial 
- spinelet, about half its length. The suboral spine, fluted and sharp. 
is strongly bent at the base, so that with its fellow it is pointed 
horizontally across the actinostome. The pedicellariae are grouped 
along one side only of the spines, and the sheaths are thin. 

Madreporic body convex and prominent, 1.5 mm. in diameter. On 
the adcentral border is a conspicuous, nearly naked area composed 
of 7 plates. The articular surface of the ambulacrals, where a ray 
has been broken off, is about as bread as high, and the scar of each 
plate is ovoid in outline, the lower ends being bent away from each 
other. Gonads, first adambulacral plates, first marginal plates as in 
generic diagnosis. 

Type.—Cat. No. 37022, U.S.N.M. 

Type-locality.—Station 5626, between Gillolo and Kayoa Islands, 
Molucca Islands, 265 fathoms, gray mud, fine sand; 1 specimen. 

Distribution —Vicinity of Celebes and Molucca Islands, 265 to 
559 fathoms. 

Specimens examined —The type and 1 arm from station 5648, 
Buton Strait, Celebes, 559 fathoms, green mud; bottom temperature, 
og.2° F. 
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Remarks—This species has more numerous rays than any of the 
4 species described by Alcock, none of which have isolated spinelets 
on the disk, nor a similar adambulacral armature formula, with 2 
furrow spinelets adorally. Craterobrisinga evermanni Fisher of 
the Hawaiian Islands resembles the present species but differs in hav- 
ing 15 rays, no adoral furrow spinelet (formula ee or ea ) 
very much slenderer and shorter suboral spines which are not bent 
at the base; only a rudimentary aboral marginal mouth spinelet, or 
none. The superficial appearance of the rays is very similar, but 
the ray of moluccana is more depressed and relatively broader than 
is usual in evermanni. The condition of the gonads and first few 
subambulacral spines is quite different in the 2 species, as their 
generic position indicates. 


ASTROSTEPHANE ACANTHOGENYS Fisher. 
Plate 148, figs. 1-3; plate 153, figs. 1, la—d. 


Brisinga acanthogenys FisHEr, 1916), p. 33. 
Astrostephane acanthogenys F1isHER, 1917f, p. 421. 

Diagnosis—Rays 11. Costae 20, complete, prominent, well-spaced, 
with 1 complete and 1 or 2 incomplete bands of intercostal pedi- 
cellariae; costal spinelets fairly prominent, few in number; disk 
small, with beveled margin; plates granuliform, spaced, with usually 
2 or 3 very small spinelets, but no pedicellariae; lateral spines long, 
equaling length of 7 or 8 adambulacral plates; no integumentary 
prickles on rays; adambulacral plates about as wide as long proxi- 


mally; armature proximally mouth plates with 2 suboral 


Ute 
i+1? 
spines. Breadth of disk=3} times width of ray at base (6 mm.), 
actinostome=21 times same; height of disk=three-fourths breadth 
of ray at base. R=350 mm. (complete ray), r=11 mm. 

Description—Disk small, the abactinal surface scarcely at all 
raised above abactinal surface of ray; margin beveled. The tiny 
granuliform platelets bear 1 to 3 extremely small, delicate, and sharp 
spinelets, which by reason of their membranous sheaths appear to 
be rather robust, tapering, and pointed. In the central part of the 
disk they are 0.25 to 0.8 mm. long, decreasing gradually toward the 
border, and are spaced about one-half to their own length; pedicel- 
lariae seem to be lacking. 

Costal region swollen, occupying not quite one-third length of ray. 
Costae 20, complete as a rule, except in the case of the first 2 or 3; 
well spaced, prominent, fairly straight, and armed rather sparsely 
with sharp conical spinelets, about half as high as the ridge. The 
ridges are spaced a distance equal to three-fourths to once the width 
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of ray at base, and midway between them is a broad band of micro- 
scopic pedicellariae, with an incomplete band on either side of this, 
proceeding from the adambulacral plates a variable distance toward 
the median line. The costal ridges are also covered with pedicella- 
riae, and beyond the costal region the broad bands occur quite regu- 
larly opposite each lateral spine, with 1, rarely 2, between; hence 
1 opposite each adambulacral plate. Lateral spines very prominent 
and longer than in A. moluccana, which this species resembles. The 
first spine, at the ends of the second or third rib, is quite short, 
slender, and sharp. The succeeding spines often stand out rigidly 
from the sides of the ray and occur regularly above every other 
adambulacral plate articulated to a prominent boss of the lateral 
plate. They attain their full length in the distal half of the costal 
region, where they are about 20 mm. long, or the length of 7 to 8 
consecutive adambulacral plates. 

Proximal adambulacral plates, viewed from the side, are distinctly 
lower than long, and they are a trifle longer than broad. On account 
of the adoral furrow spine, the margin appears deeply excavated. 
The adambulacral armature consists of 1 true furrow spinelet at each 
end, nearly as long as the plate, 1 adoral minor subambulacral 
spinule a little longer than the plate, and a major subambulacral 
spine situated on a prominence of the aboral half of the plate. It is 
equal to 34 or 4 adambulacral plates in length and forms an oblique 
series with the subambulacral spinule and the adoral furrow spine- 
let. The formula is wid On the outer part of the ray it is = 


or etL. This armature resembles that of A. moluccana, but the 


actinal spinule is farther from the furrow and longer. The lateral 
and adambulacral spines have a thin felting of pedicellariae which 
are usually lacking on the side of the spine nearest furrow in the case 
of the big spines. 

The armature of the mouth plates is as follows: Directed over the 
furrow at either end of the plate is a slender furrow spine, and mesad 
to the inner one a little actinostomial marginal spine about half as 
long; in the middle of the actinal surface is a tapering, sharp, glassy 
tipped suboral spine about 24 times the length of plate and sheathed 
with membrane covered with pedicellariae. Between this and the 
outer end of the plate there is usually a second subambulacral spine, 
varying from slightly more than the length of the plate to the size 
of the primary suboral. The suboral spines are usually bent over 
the actinostome. 

Madreporic body circular, very prominent but flat-topped, with 2 
nearly equal, naked or only slightly armed plates on its inner border. 
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Articular surface of the ambulacral plates at junction of ray with 
disk considerably broader than high. Each scar is rather oval in 
contour, and the lower ends do not diverge very markedly from the 
median vertical suture. Gonads, first adambulacral piates, and first 
marginal plates as in generic description. 

Type.—Cat. No. 87023, U.S.N.M. 

Type-locality —Station 5440, mouth of Lingayan Gulf, Luzon, 172 
fathoms, fine gray sand, globigerina, bottom temperature, 53.2° F.; 
1 specimen. : 

Distribution—Known only from the type-locality. 

Remarks.—This species resembles A. moluccana, but has only 11 
rays, a much smaller disk with a beveled border, and 1 to 3 minute 
spinelets to each plate of the disk, instead of only 1, no abactinal 
disk pedicellariae, much longer lateral spines, and the minor sub- 
ambulacral spinule is larger, as well as further from the adoral 
furrow spinelet. There are 2 suboral spines, relatively larger than 
in moluccana. 


Genus STEGNOBRISINGA Fisher. 


Stegnobrisinga FisHEeR (subgenus), 1916), p. 33; 1917f, pp. 423, 428. Type, 
Brisinga (Stegnobrisinga) placoderma Fisher. 

Diagnosis.—Resembling Brisinga in general appearance, and espe- 
cially in having definite transverse skeletal ridges, or costae, on the 
genital region, but differing in having the integument between the 
costal arches of ray strengthened by many close-set, mostly contigu- 
ous or sometimes overlapping, papery, spineless plates of irregular 
form, completely filling the interspaces; in having 2 gonads to each 
ray. Proximal subambulacral spines acicular; first adambulacral 
plate and first marginal plate joimed for their whole length to the 
respective plates of adjacent ray; thus there are 4 closely joined 
plates in each interradius; a nonmuscular symphysis, or syzygy, 
uniting first and second adambulacral plates and between the upper 
parts of the second and third ambulacral plates, as in Brisinga. 

Remarks.—The numerous prominent costae will at once separate 
this genus from Freyella and Freyellaster, while the number of gon- 
ads, 2 to a ray, is an added distinguishing feature so far as Freyel- 
laster is concerned. The structure of the first adambulacral plates, 
and the presence of proximal marginal plates will sharply distinguish 
Stegnobrisinga from Freyella. 

The genus Asfrolirus, type Brisinga panamensis Ludwig, differs 
from Stegnobrisinga in having the first adambulacral plates and first 
marginal plates arranged as in Brisingella, and in having slenderer 
adambulacral plates, which proximally are not higher than long. 
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STEGNOBRISINGA PLACODERMA (Fisher). 
Plate 150; plate 153, figs. 2, 2a-—d. 


Brisinga (Stegnobrisinga) placoderma FIsHER, 1916), p. 34. 

Diagnosis—Rays 18 or 14. Costae 35-40, close together, and not 
very prominent; the intercostal areas paved with close-set, irregular, 
often overlapping, papery plates devoid of spinelets; costal arches 
fairly regular and parallel, opposite every adambulacral, or occa- 
sionally more frequent, but only every third to fifth with a lateral 
spine; disk with beveled border and with close-set isolated spinelets 
and conspicuous slender-jawed pedicellariae; adambulacral armature 
a or a subambulacral spine equal 
to about 24 or 3 adambulacral plates in length. Breadth of disk= 
31-4 times width of ray at base (8 mm.); actinostome=2$ times 
same; height of disk=seven-eights breadth of ray at base. R=370-+ 
mm., r=17 mm. (small portion missing from tip of ray). 

Description—Disk moderately large, with a beveled border of 
conspicuous width, the central area sunken a bit and plane. Plates 
of disk small, subcircular, or irregular, and convex. Each plate 
bears a single, central, sharp, tapering spinelet, which from being 
sheathed in membrane has a papilliform appearance. These spine- 
lets are about 0.5 mm. long and are spaced about their own length 
apart. In the type about a third of the plates bear also a relatively 
large slender-jawed pedicellaria, about as long as the spine, and 
attached to the plate by a slender, short stem. In the cotype these 
pedicellariae are nearly as numerous as the spinelets and are a 
little larger than those of the type. 

Rays very long, swollen for a distance from base equal to a little 
over twice diameter of disk. Costal region proper extending about 
3 times diameter of disk from base, which is also about the extent 
of the area paved with plates. This is less than a fourth the length 
of ray, but none of the rays is quite complete. For a little over 
twice the diameter of disk from base of ray the costae, 35 to 40 in 
number, are close together and fairly regular, 1, occasionally 2, oppo- 
site each adambulacral plate. The lateral spines occur only at the 
ends of every third to fifth arch—that is, with 1 or 2 adambulacral 
plates between them. The arches corresponding to the lateral spines 
are more prominent than the others, especially laterally. Some of 
the intermediate arches are rudimentary or incomplete in the mid- 
dorsal region. The costal plates are irregularly elliptical or some- 
times have short lateral lobes by which they are joined to the inter- 
costal plates. Costal spinelets short, slender, tapering, sharp, all but 
hidden in alcoholic specimens by the thick felting of slender-jawed 
pedicellariae. The intercostal spaces are paved with thin overlap- 





variable ; in type usually 
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ping paperlike plates irregular in form. Near the end of the costal 
area they tend to thin out first midway between 2 costae, and at the 
end of the costal area there is a transverse band of thin, unarmed 
integument between the costae, interrupted in the specimen from 
station 5274 in the middorsal region, where the thin plates extend 
beyond the costal area proper for a distance equal to 1} disk 
diameters. 

The plates of these rays, which have a very swollen costal area, 
are very slightly spaced; but aside from this the plates of the speci- 
men from station 5274 are more closely crowded, which is due to their 
larger size rather than greater numbers. At base of ray there is a 
row of about 7 closely placed lateral plates. First lateral spine 
about 1 disk diameter from base; at outer end of costal area they 
average 44 consecutive adambulacral plates in length and at about 
twice the length of costal area from disk 64 or 7 adambulacral plates 
(16-18 mm.) in length. 

Adambulacral plates of costal area wider than long and, viewed 
directly from the side, very nearly as high as long. The armature is 
somewhat variable, but for the proximal part of the ray is usually 
w+ i ot] 
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either aaa The furrow spinelet at either end of plate 


(about as long as the plate, or the adoral a little shorter) is accom- 
panied by a second subequal spinelet, obliquely actinad, which com- 
ports itself more like a furrow than an actinal spinelet. The adoral 
one, however, is often bent away from the furrow, and the formula 


intl beck _ and in the 





Some plates have i 


might be written - Gen ane 
type afew te The subambulacral spine is, when fully devel- 


oped, 24 to 3 adambulacral plates in length and rather less than half 
the length of the corresponding lateral spine. The lateral and adambu- 
lacral spines are thickly covered with pedicellariae, which are lacking 
on the side of the large subambulacral spine toward the furrow. 
The furrow spinelets have relatively large pedicellariae. In the 


specimen from station 5274 the plates have a variable armature ae 
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Mouth plates small, atk with a pe needlelike suboral spine 34 
to 44 times as long as the plate and very heavily sheathed. On some 
mouth plates the sheath seems to be common to 2 spines, and is 
always very thickly covered with pedicellariae. There are 3 marginal 
spinelets, 1 about as long as the plate at the outer end and another at 
the inner end, directed across furrow, and 1 slightly shorter on the 
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actinostomial margin. These carry numerous slender-jawed pedi- 
cellariae. 

Madreporic body prominent, flat-topped, with numerous, rather 
coarse, interrupted, sinuous furrows. The articulation surface of 
the ambulacral plates at junction of ray with disk is about as broad 
as high, equally broad at top and bottom and with a prominent 
median suture. 

Type—Cat. No. 37025, U.S.N.M. 

Type-locality —Station 5648, Buton Strait, Celebes, 559 fathoms, 
green mud, bottom temperature 39.2° F.; the type-specimen and 2 
incomplete specimens. 

Distribution—China Sea, off southern Luzon, and Buton Strait, 
Celebes, 525 to 559 fathoms. 

Specimens examined.—In addition to the types, rays without a 
disk from station 5274, China Sea, vicinity of southern Luzon, 525 
fathoms, gray mud and sand, bottom temperature 41.3° F. 

Remarks. Brisinga gracilis Koehler, from the Bay of Bengal, 
east of the Andaman Islands, resembles this species in having plates 
between the costae and at the base of the ray before the costae com- 
mence, but they bear spinelets. Koehler does not state that the plates 
are close together nor unusual in number, as in the case of the present 
species. However, in gracilis the costae begin at a distance from the 
disk and the “plates which were invisible on the dorsal surface of 
the disk become distinct on the rays; they are irregular, roundish, 
and bear each a little conical spinelet, rough and pointed, broader at 
the base and shorter than those on the disk.” (Koehler, 1909, p. 
115.) In typical Brisinga the spaces between the costae are either 
free from plates or have embryonic spaced platelets which bear each 
a minute spinelet or prickle, but which do not form an armor such 
as exists, in a more perfected form, in Freyella. 


KEY TO THE INDO-PACIFIC SPECIES OF BRISINGA AND BRISINGA-LIKE GENERA, 


In the following more or less artificial key I have not been able to 
assign the species described by Alcock and Wood-Mason to the newer 
genera described by me. They have been listed as Brisinga. 


a’. Intercostal integument of proximal part of ray thin, with or without rudi- 
mentary spaced plates bearing a minute spinelet; proximal subambulacral 
spines acicular, not broadened into a more or less truncate capitate tip. 

b*. Intercostal membrane without integumentary prickles. 
c’. Plates of disk each with a group of several spinelets. 
ad’. Costae numerous—more than 30. 
e’. Costae close together, very prominent, without intercostal bands of 
pedicellariae; rays 12 or 13; disk moderate, with rounded margin 
and spinelets in groups of 2 to 6 resembling pseudopaxillae; adam- 


it] i Hicak 3 tie Xe 
bulacral armature o+1 % ogre. gn aie Brisinga trachydisca Fisher. 
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e*. Costae spaced with 1 or more intercostal bands of pedicellariae; 
rays, 15. 

f'. Costae 45, feebly developed; in addition to the large subambulacral 
spine (4 times the length of its plate), an aboral apophysial 
furrow spinelet, and 1 adoral, not so deep in furrow. 

Brisinga andamanica Alcock and Wood-Mason. 

f’. Costae 30 to 35, mostly complete, prominent though compressed 
and narrow; in addition to the large subambulacral spine (4.5 
consecutive plates in length), 1 minor aboral subambulacral 
spine, and sometimes an aboral apophysial: furrow spinelet 


(formulas a or — or oti). The proximal sub- 


ambulcral spines are slightly modified, with a truncate tip. 
Craterobrisinga evermanni (Fisher), 
d*. Costae less than 30, alternating with 1 or more intercostal bands of 
pedicellariae. 
e*. Disk large with vertical edge; rays 13, not very deciduous; costae 
13 to 17, very salient; spinelets of disk coarser; adambulacral 
armature at +J, the minor subambulacral spinelets being on 
furrow margin, and small major subambulacral spine 4 to 5 times 
length of plate__-___ Brisinga insularum Alcock and Wood-Mason. 
e?. Disk small with beveled margin; rays very deciduous; major sub- 
ambulacral spine 2 to 2.5 times length of plate. 
f. Rays 14, not very fragile; costae about 20, close together on basal 
ninth of ray, and not much more salient than the bands of 
} é : i+-1 
felted pedicellariae; adambulacral armature Sot Ags BE 
Brisinga bengalensis Alcock and Wood-Mason. 
f?. Rays 14 or 15, very fragile, slender; costae 20 to 30, very con- 
torted, salient laterally, inconspicuous abactinally; disk very 
i+o 
oa qt. 
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thin, with a downy appearance; adambulcral armature 
itt 
f®. Rays 11, costae 20; adambulcral armature ia? ee below. 
Astrostephane acanthogenys (Fisher). 
c*. Most or all of the disk plates with a single spinelet; sometimes a few 
near margin with 2 or 3. 

d. Rays more than 10; rays not especially fragile, though deciduous ; 
suboral spines large; first pair of adambulcral plates and first pair 
of marginal plates in each interbrachium joined by their lateral 
faces. 

e’. Costae generally opposite each adambulcral plate, hence close to- 
gether, and without conspicuous bands of intercostal pedicellariae ; 
a single series of papulae around the disk close to edge, 2 opposite 
base of each ray. 

f'. Conspicuous costae 25 to 30, occupying proximal fifth of ray; 
pedicellariae larger, the proximal serrate edge of each blade in- 
conspicuous, semicircular; articular surface of proximal am- 
bulaeral ossicles smaller; rays 16. Brisingenes mimica (Fisher). 

f’. Conspicuous costae about 40, occupying proximal fourth of ray; 
pedicellariae smaller with the proximal serrate edge of each 
blade relatively larger in proportion to total length of blade and 
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different in form; articular surface of proximal ambulacral os- 

sicles larger, the pair being 1.5 times higher than broad; rays 

ppl Aiathiga tables Heo: See ied tek oe ees Brisingenes anchista (Fisher). 

e?, Costae opposite alternate ambulacral plates, hence well spaced ; 

with conspicuous intercostal bands of pedicellariae. 

f'. Rays 15; costae 30 to 35; disk medium, some of its plates with 

tHE g, Ott T. 
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more than 1 spinelet; adambulacral formula : 


suboral spine rather small and delicate; gonads serial, more 
than 2 to each ray; proximal subambulacral spines slightly 
modified. bint= = se Craterobrisinga evermannt (Fisher). 
f?. Rays 16, with 25 prominent, complete, costae and 1 to 3, usually 3, 
conspicuous intercostal bands of pedicellariae; disk medium- 
sized with abruptly rounded (not beveled) margin; actinostome 
relatively very large; 1 suboral spine to each mouth plate and 
with an angle at base so that it is directed into actinostome ; 
disk plates with solitary spinelets only ; lateral spines equal in 
length to 5 or 6 consecutive adambulacral plates; adambulacral 
armature on or — gonads 2 to each ray. 
Astrostephane moluccana (Fisher). 
f°. Rays 11, with about 20 complete, prominent costae and 1 complete, 
and 1 or 2 incomplete, bands of intercostal pedicellariae; disk, 
decicedly small with a beveled margin; actinostome relatively 
small; 2 large suboral spines to each mouth plate; disk piates 
with 1, 2, and 3 small spinelets in about equal numbers ; lateral 
spines equal in length to 7 or 8 consecutive adambulacral plates ; 


ayibulacral armature ee gonads 2 to each ray. 


Astrostephane acanthogenys (Fisher). 
@. Rays 10 or less; rays very fragile; disk small; suboral spines small; 
first pair of adambulacral plates of interbrachium not joined by 
lateral face; first pair of marginal plates joined by adoral end of 
plates only; gonads 2 to each ray. 

e’. Rays 10; costae rather variable, usually 24 to 28 complete ones and 
a varying number of intermediate incomplete ridges in the median 
area; marginal mouth spinelets 4, 8 on the actinostomial margin; 
suboral spines 2, small__----------- Brisingella fragilis (Fisher). 
e. Rays 7; costae few—less than 15; marginal oral spinelets 2 on 
actinostomial margin; 1 small suboral spine; a few isolated 

spicules in the intercostal integument. 
Brisingella armillata (Sladen). 

b?, Tegumentary prickles in abactinal membrane of ray. 

C. Rays 13 to 14; base of ray for some distance provided with conspicuous 
prickles springing from irregular roundish plates, which do not form 
definite costae; intercostal plates beyond this basal area usually un- 
armed; costae 18 to 24, the alternate ones complete, and the first at 
a distance about equal to r from the base of ray. 

Stegnobrisinga gracilis (Koehler). 

c. Rays 7, costae few, less than 15; tegumentary prickles few. 

Brisingella armillata (Sladen). 
a?. Intercostal integument of proximal part of ray thin, with or without rudi- 
mentary spaced plates bearing tegumentary prickles; 1 or 2 subambulacral 


536 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 


spines of proximal adambulacral plates with a modified, more or less 
truncate, capitate, sometimes papillose lip. 

b*. Intercostal membrane without tegumentary prickles; costae numerous, 
close together, without intercostal bands of pedicellariae on the proxi- 
mal half of the costal region; a costal arch opposite each adambulacral 
plate. 

c’. Costae decidedly irregular in the median radial region; costal spinelets 
equal in length to height of costal ridges, or slightly exceeding same; 
COStaAeTSH 60) Oe ee ee ee Craterobrisinga panopla (Fisher). 

ce. Costae regular and parallel in the median radial region, passing directly 
from one margin to the other; costal spinelets shorter, less than 
height of ridges; costae upward of 80. 

Craterobrisinga parallela (Koehler). 

b*. Intercostal membrane with tegumentary prickles; intercostal spaces with 
bands of pedicellariae, sometimes inconspicuous; costal arches usually 
not regularly opposite each adambulacral plate, but variable. 

c. Rays 9; proximal adambulacral plates with only 1 capitate subambu- 
lacral spine, the associated spinule being conspicuously smaller, and 
truncate or bluntly pointed; suboral spines usually 3, small. 

Craterobrisinga alberti (Fisher). 

c’?. Rays 11; proximal adambulacral plates with usually the second sub- 
ambulacral truncate and slightly capitate, and nearly as long as, 
though slenderer than, its companion; suboral spines 2, large. 

ad. Costae 17 to 20 (in addition to 5 or 6 rudimentary ones at base of 

ray), well spaced, prominent, rather irregular, and occupying about 

the proximal third of ray______ Craterobrisinga eucoryne (Fisher). 

ad’. Costae about 35 (in addition to only 1 or 2 rudimentary ones at base 

of ray), but last 10 are inconspicuous; costal region occupying 

about half length of ray; costae fairly regular and parallel and the 
proximal ones closer together than in d’. 

Craterobrisinga analoga Fisher. 

b*. Intercostal integument without tegumentary prickles and with conspicu- 
ous intercostal bands of pedicellariae; costae opposite alternate ambu- 
lacral plates, hence well spaced; rays 15; costae 30 to 35; disk medium, 
some of its plates with more than 1 spinelet; suboral spine rather small 
and delicate; proximal subambulacral spines only slightly modified, 
truncate sae eee Craterobrisinga evermanni (Fisher). 

a’, Intercostal integument of most of costal region strengthened by many close- 
set, contiguous, or overlapping papery plates of conspicuous size, com- 
pletely filling the interspaces; proximal subambulacral spines acicular. 

b*. Costae 35 to 40, beginning at base of ray; no intercostal spinelets, the 
plates being smooth; first subambulacral spine pointed. 

Stegnobrisinga placoderma (Fisher). 

b*. Costae 18 to 24, the alternate ones complete, and beginning at a conspicu- 
ous distance from disk, the interval being covered with irregularly dis- 
posed, spiniferous plates without arches; intercostal plates beyond this 
spiniferous basal area without spinelets; first subambulacral spine 
slightly broadened at tip, the following spines acicular. 

Stegnobrisinga gracilis (Koehler).* 


17] am not sure of the generic position of this species, as the gonads and condition of 
the first adambulacral plates are not known to me. 
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Genus FREYELLASTER Fisher. 
Freyella FisHeEr, not Perrier, 1917f, pp. 424, 428. 
Freyellaster FisHer, 1918, p. 103. Type, Freyella fecunda Fisher. 

Diagnosis —Brisingidae with numerous gonads arranged serially 
along either side of the more or less inflated genital region of ray, 
each opening by its own pore; plates of genital region forming a 
continuous covering or armor, more or Jess spiniferous, and not segre- 
gated as independent skeletal arches, separated by intervals without 
plates; no papulae; in interbrachial angle the first pair of adambu- 
lacral plates (of adjacent rays) closely joined throughout their 
length, and directly above them is a pair of closely joined first mar- 
ginal plates; primary apical plates not conspicuous; a nonmuscular 
symphysis or syzygy between the first and second adambulacral 
plates, and between the upper part of the second and third am- 
bulacral plates. 

Remarks.—This group includes those species of the old genus 
Freyella in which the gonads are numerous and arranged in series 
along either side of the ray, as in typical ristnga. In this restricted 
genus Freyellaster, as in the restricted Brisinga, the first adambulacral 
plate is closely united to its fellow of the adjacent ray, at the apex 
of the interbrachial angle; and immediately above them, and joined 
to their upper sides is a closely apposed pair of marginal plates, the 
first of a series which extends a variable distance along the base of 
the ray, Just above the adambulacral plates. The adoral end of these 
marginal plates abuts against the base of the interradial plate. In 
some species part of the second adambulacral plate, as well as the 
first, is Joined to its vis-a-vis. 

In a preliminary revision of the Brisingidae (Fisher 1917 f) I 
divided the old genus Freyella into two groups, Freyella and Frey- 
ellidea. The name Freyella was restricted to those species having 
supposedly the characters enumerated in the preceding paragraph, 
and Freyella spinosa Perrier was kept as the genotype. The name 
Freyellidea was bestowed upon the group called /'reyella in the fore- 
going synopsis of genera. Unfortunately the most important char- 
acters of Yreyella spinosa are not shown in Perrier’s figures nor 
mentioned in the description, since such details have generally been 
omitted as of no particular importance. 

Through the courtesy of Dr. H. L. Clark, of the Museum of Com- 
parative Zoology, I subsequently examined an authentic example of 
Freyella spinosa received from the Muséum d’Histoire Naturelle. It 
belongs to the group which I called Freyellidea. This specimen, No. 
1447, has two gonads to each ray, each gonad consisting of a good- 
sized clump of tubules with a single aperture to the exterior. There 
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is no syzygy between the first and second adambulacral plates; no 
syzygial joint between the upper end of the second and third ambu- 
lacral ossicles, although the interval is very narrow; there are no 
superomarginals directly above the first adambulacrals. The first 
and second, and in one interbrachium also the third, adambulacral 
plates are joined to the corresponding adjacent plates of the next ray, 
although not so closely as in the other generic group, there being 
considerable tissue between the apposed plates. It was this feature, 
figured by Perrier, which led me to suppose that /. spinosa belonged 
with the group containing F. fecunda, F. spatulifera, and others, in 
which the first adambulacrals are always tightly joined. For the 
present it is best to consider this character as of secondary impor- 
tance in true F'reyella, which is really not very closely related to the 
genus containing 7. fecunda. The latter is distinguished by a syzygy, 
well-developed marginals for the interbrachium, and serial gonads. 

The species which I have personally examined are /'reyellaster 
fecundus Fisher (California), /reyeliaster spatulifer (Fisher), and 
Freyellaster scalaris (A. H. Clark) (Galapagos Islands). Among the 
species described by Sladen in the Challenger report, Freyella poly- 
cnema appears to belong here. 

T have examined the following species which belong to the genus 
Freyella: spinosa Perrier, elegans Verrill, insignis Ludwig, pro- 
pinqua Ludwig, pacifica Ludwig, and microplax Fisher. Without 
knowing the disposition of the gonads it is not possible to be certain 
that the following species belong in /reyella. As nearly as can be 
judged by the figures given they appear to. Such species are: sewra- 
diata Perrier, benthophila Sladen, fragilissima Sladen, heroina Sla- 
den, dimorpha Sladen, remex Sladen, tuberculata Sladen. F. brac- 
teata Sladen is a synonym of elegans, according to Professor Verrill. 


FREYELLASTER SPATULIFER Fisher. 


Plate 144, fig. 1; plate 154, fig. 3; plate 155, figs. 1, la-h. 


Freyella spatulifera FisHErR, 1916), p. 34. 
Freyellaster spatulifer WisuEr, 1918, p. 104. 
Diagnosis —Rays 14. Genital region of ray short, slightly swollen, 


the spinelets concentrated in transverse parallel bands, about 30 in 
number, as a rule 1 opposite each lateral spine and 1 in the interval 


between; lateral spines opposite every adambulacral beyond the 
eighth, long and slender. Adambulacral armature: one furrow 
spinelet at each end of plate, and a second longer one above the aboral 
spinelet ; 1 large suboral spine, which on the first 10 plates is conspic- 
uously broadened and spatulate at tip. Mouth spines, 2 at distal 
furrow corner of plate and 3 on actinosomial margin, 1 heavy sub- 
lanceolate suboral spine, frequently terminating in 2 points. R= 
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135+mm., r=9 mm.; breadth of ray at base, 4.5 mm.; length of 
genital region, 30-35 mm. 

Description.—Disk fairly large with a beveled margin; disk plates 
not distinguishable; spinelets delicate, sharp, but invested in a sheath 
which causes them to appear terete and blunt. They are mostly 
solitary—that is, are not in groups—and form an evenly spaced, 
uniform, delicate nap, free from pedicellariae. The spinelets on the 
margin of disk are a little longer than those at or near the center. 

Genital region of ray relatively short, slightly swollen, the spinelets 
in clusters of 2 to about 6 per plate. On all but the basal fourth of 
the genital region there are low, transverse, parallel ridges, spaced 
about 1 mm. apart, formed of very slightly elevated plates bearing 
most of the short, tapering, sharp spinelets. The spinelets have the 
appearance of being collected into these transverse bands, while the 
interspaces have very few spinelets yet there is no regularity in the 
arrangement of the spinelets on the plates. They may form clusters 
or short series, oriented obliquely, longitudinally, or transversely 
with reference to the main axis of ray. These transverse bands of 
spines resemble somewhat the costae of Brisinga, but are much less 
prominent. 

A slender acicular spine, arising from a convex lateral plate fused 
to the side of every adambulacral plate (usually a little aborad of 
the middle), beginning with the eighth, increases in length until 
equal to about 6 or 7 adambulacral plates (at a short distance beyond 
end of genital region). 

Beyond the genital region or area of abactinal plating the integu- 
ment is excessively thin, so that the underlying ambulacral ridge is 
clearly visible, and it is crossed at each lateral spine by an inconspic- 
uous band of pedicellariae, usually only with difficulty discernible 
on the middorsal area. 

Adambulacral armature: one furrow spine at each end of the plate, 
and a little shorter than the midventral length of the plate; above the 
aboral spinelet, a slender but yet stouter and longer spinule, about 
1.6 plates in length, measured along the midactinal line. These 3 
spinelets bear at the tip a group of slender-jawed, major pedicellariae. 
On the actinal surface is a prominent subambulacral spine, which, on 
the first 10 plates is conspicuously spatulate, gradually lengthening 
from about the fourth, and narrowing at the tip from the sixth to 
eighth plates. The broad tip is sometimes flat, sometimes scoop- 
shaped, sometimes grooved, while the truncated end has often two or 
three knobs. The knobs become more evident beyond the eighth 
plate, most of the spines being practically bicapitate. The thirteenth, 
fourteenth, and fifteenth are very long, slender, and tapering, with 
either a capitate or a bicapitate tip, while beyond the thirteenth to 
fifteenth (according to the ray), the spines lose the capitate tip and 
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become pointed. The broadly spatulate spines are about 3 plates 
in length (3.0 to 4.5 mm.) ; the pointed acicular ones just beyond the 
modified subambulacrals are a little over 4 plates in length (7 mm.), 
the plates themselves becoming gradually longer, as is evident from 
the above measurements. The subambulacral spines are invested in 
sheaths bearing both major and minor pedicellariae, while on the 
lateral spines only the minute minor pedicellariae seem to be present. 

Mouth plates each with 3 short spinelets on the actinostomial 
margin and 2 on the distal furrow corner. Suboral spine about as 
long as the first subambulacral spine, with a sublanceolate slightly 
flattened tip, which is grooved lengthwise and frequently ends in 2 
distinct, sharp points. The oral and suboral spines are heavily 
armed with major pedicellariae. 

Madreporiec body small, but on the external side of a prominent 
protuberance, the adcentral side of which is spiny. 

Gonads and first adambulacral plates as in generic diagnosis. 

Type.—Cat. No. 36747, U.S.N.M. 

Type-locality Station 5668 (lat. 2° 29’ 30’’ S.; long. 118° 43’ E.), 
Macassar Strait, off Mamuju Island, west coast of Celebes, 901 
fathoms, gray mud; bottom temperature, 38.2° F.; 1 specimen. 

Remarks.—This species has much broader proximal subambulacral 
spines than any other known species. It differs from /’. echinata 
Sladen (if this is indeed a true Freyellaster) in lacking the conspicu- 
ous abactinal spines. /. scalaris (A. H. Clark) has even more con- 
spicuous abactinal spines on the rays than has echinata. 
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Fic. 1. Benthogenia cribellosa; actinal surface of type, enlarged, p. 39. 
2. Sidonaster psilonotus; actinal view of type, enlarged, p. 37. 
3. Same; abactinal view of type, enlarged. 
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PLATE 3. 
Fic. 1. Prionaster analogus; actinal aspect of type, p. 50, 
2. Prionaster gracilis; actinal surface of type, p. 55. 
3. Sidonaster vaneyi; abactinal surface enlarged, and the ends of 2 rays, 
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PLATE 4. 


Fra. 1. Goniopecten asiaticus : abactinal aspect of type, p. 47. 
2. Prionaster analogus ; tip of ray, actinal view, p. 50. 
3. Prionaster megaloplax: actinal surface of type, p. 56. 
ao! 
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PLATE 6. 


Fig. 1. Prionaster gracilis; abactinal view of type, p. 55. 
2. Prionaster analogus; abactinal view of type, p. 50. 
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ia. 1. Clenodiscus orientalis; specimen from station 5527; fifth and sixth 
adambulaeral plates and adjacent intermediate plates, showing the 
membrane partly shrunken; adoral side of plates to the left, 6.5. 1a. 
Same; second adambulacral plate, dried, 6.5.) 1b. Same; ninth supero- 
marginal and inferomarginal plates showing narrow free surface and 
broad marginal web. Below the inferomarginal plate 2 actinal inter- 
mediate plates are indicated, XS. le. Same; terminal plate of spect- 
men from station 5423, XS. 1d. Same; side view of 2 dried paxillae 
from the proximal portion of radial region, XS. Le. Same; dorsal 
view of 2 paxillae from alcoholic specimen. 1f. Same; dried specimen, 
showing mouth, adambulacral, and 2 double series of actinal interme- 
diate plates. From the median fasciole the spinelets have been partly 
removed to show the articulation of plates. Back of the mouth plates 
is shown the oral plate or odontophore (0). The surface of the 
adambulacral plates, when the membrane is removed, is irregularly 
sunken and pitted; m, inferomarginal plates; 6.5. P. 44. 

Sidonaster psilonotus ; mouth and adambulacral plates of type; 0, oral 
plate or odontophore; 6.5. P. 87, 

3. Goniopecten asiaticus, type; paxillae from base of ray, near radial line, 
showing both dorsal and side views, XS. 3a. Same; sixth adam- 
bulacral plate, of which the adoral side is to the left; *5. 5b. Same; 
eleventh adambulacral plate. 5. 38e. Same; thirty-fourth adambu- 


bo 


lacral, and thirty-first inferomarginal plates, oriented as in 3a and 8b; 
x5. P. 47. 
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STARFISHES OF THE PHILIPPINE 


SEAS AND ADJACENT WATERS. 


PLATE 8. 


ic. 1. Goniopecten asiaticus; interradial cribiform organ of the type, showing 
also 2 superomarginal and 2 inferomarginal plates with their spines, 
x5. Ja. Same; a cross-section of ray of type, taken about a third its 
length from base, to show the relation of plates, and especially the 
massive marginals. 2.5. P. 47. 

2. Benthogenia cribellosa; sixth adambulacral plate of type, the adoral side 
to left. XS. 2a. Same; abactinal plates. X5. 26. Same; one of the 
largest radial paxillae, XS. 2e. Same; end of ray from side showing 
the terminal plate, dorsal and marginal cribriform organs, *2.5. The 2 
distalmost spines of the terminal plate are each paired; the 3 proximal, 
shown by scars, are unpaired. 2d. Same; a smaller radial paxilla 
from side; X12. P. 39. 

3. Prionaster analogus; fifth and sixth adambulacral plates, the adoral side 
being to the right. The right-hand plate is shown partly dried in 
order to bring out the form of the furrow spines; <8. 3a. Same; 
a paxilla from about the middle of major radius, X16. 3b. Same; 
dorsal view of a terminal plate and 3 adjacent superomarginals of a 
specimen from station 5565, XS. 8c. Same; ventral view of plate 
shown in 3b; an inferomarginal and 2 adambulacral plates are shown 
on either side of the furrow; X8. P. 50. 


2 


DDD 


Ire. 1. 


») 


» 


vd. 


PLATE 9. 


Prionaster gracilis; fourth adambulacral plate of type, «8. la. Same ; 
twentieth adambulacral plate of same ray, XS; in both figures the 
adoral side of plate is to the left. 10. Same; paxillae from base of 
Tay, iG. PR. 50. 

Prionaster megaloplax; second adambulacral plate of type, 5. 2a. 
Same: twentieth adambulacral plate of type, *5; in both figures the 
adoral side of plate is to the right. The plates are shown partly 
dried. 20. Same; paxillae from disk, about midway between center 
and margin, and radial and interradial lines, XS. P. 56. 

Craspidaster hesperus; abactinal vlates from base of ray; rr, radiai 
line: the dotted line indicates the transverse rows of plates; XS. 
P.. 60. 
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PLATE 10. 


nal surface, enlarged, p. 75. 
ibactinal surface, enlarged, p. 67. 


nN 


- 


-1 


PrATH UI: 


ia. 1. Astropecten tencllus; abactinal aspect, enlarged, p. 84. 
Same; actinal surface of a portion of ray, enlarged. 


9 
8. Astropecten velitaris; actinal surface, p. 70. 

4, Same; abactinal surface. 

5. Astropecten phragmorus; abactinal aspect of type, enlarged, p. 65, 
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STARFISHES OF THE PHILIPPINE SEAS AND ADJACENT WATERS. 


PLATE 12. 


Vic. 1. Astropecten pedicellaris ; portion of abactinal surface, enlarged, p. 87. 
2. Astropecten luzonicus; portion of actinal surface, enlarged, p. 82. 
3. Dipsacaster diaphorus ; abactinal aspect of ray, enlarged, p. 152. 


4. Ctenophoraster diploctenius ; actinal view of ray, enlarged, p. 95. 


® 559 


PLATE 18. 


ia. 1. Persephonaster habrogenys; abactinal aspect of type, enlarged, p. 131. 
2. Astropecten eremicus; abactinal view of type, enlarged, p. 79. 
3. Astropecten luzonicus ; abactinal view of type, enlarged, p. 82. 
4. Astropecten pedicellaris ; abactinal view of type, enlarged, p. 87. 
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PLATE 14. 


Fig. 1. Astropecten phragmorus; fourth inferomarginal plate and adjacent 
adambulacral plates of type, X6.5. la. Same; fifth and sixth supero- 
marginal plates of cotype, *6.5; the part of the plates to left of dotted 
line forms part of the lateral wall of ray. 10. Same; two paxillae 
from radial area, base of ray of cotype, 9.6. P. 65. 

2. Astropecten velitaris; fifth inferomarginal plate and adjacent adam- 
bulacral, X9.6. P. 70. 

3. Astropecten eucnemis; fourth inferomarginal plate and adjacent adam- 
bulacral of type, X9.6. 3a. Same; mouth plates of type, 9.6. 3b. 
Same; one of the larger paxillae, type, * 9.6. 8c. Same; fourth infero- 
marginal plate and adjacent adambulacral of small variety from sta- 
tion 5182, K12. 3d. Same; an actinal interradial pedicellaria from 
specimen shown in 8c, X12. P. 75. 

4. Astropecten luzonicus; sixth inferomarginal plate and 2 adjacent adam- 
bulacrals of type, X9.6. 4a. Same; fifth superomarginal plate and 
upper end of corresponding inferomarginal, showing superomarginal 
spine, lateral spines, and also a few paxillae; 9.6. 4b. Same; a 
paxilla from base of ray, X9.6.  P. 82. 

561 


PLATE 15. 


Fria. 1. Astropecten tenellus: fifth inferomarginal plate and adjacent adam- 
bulacrals of type, X9.6. 1a. Same; paxilla from interradial region of 
disk, X9.6. 1b. Same; a pedicellaria and 2 adjacent paxillae from 
radial area at base of ray, X9.6. P. 84. 

2. Astropecten pedicellaris ; sixth inferomarginal plate and 4 adambulacral 
plates of type, *9.6; note the adambulacral and inferomarginal pedi- 
cellariae. 2a. Same; ninth and tenth superomarginal plates, and upper 
end of corresponding inferomarginals, and also adjacent abactinal 
paxillae and pedicelaria, «9.6; note superomarginal and inferomar- 
ginal pedicellariae; the inferomarginal spines have been removed from 
proximal plate; the superomarginal spines are longer at base of ray. 
2b. Same; 2 paxillae from base of ray, side view, X9.6. 2c. Same; 
a radial paxilla, expanded, 9.6. P. 87. 

3. Astropecten eremicus; ninth inferomarginal plate and 2 adjacent adam- 

bulacral plates of type, 9.6. 8a. Same; third adambulacral plate of 

type, showing one of the large subambulacral pedicellariae, 9.6, 

3b. Same; side view of a paxilia from interradial line midway be- 

tween center and margin, X12 8c. Same; a pedicellaria and 2 ad- 

jacent paxillae from proximal third of ray, near radial line, *12 


4 


3d. Same; paxilla from proximal third of ray near Margin, 12. 


4 


8e. Same; dorsal view of an abactinal pedicellaria, X12. P. 79. 
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PLATE 16. 


Fic. 1. Clenopleura astropectinides; fourth inferomarginal and 2 adjacent 
adambulacral plates of type, X4. Ja. Same; a paxilla from base of 
ray, X8. 1b. Same; side view of paxilla, radial line of ray, X8. 
le. Same; abactinal plates, from inner side; 7—7, radial series of 
plates of ray, <8. P. 91. 

2. Ctenophoraster diploctenius; terminal plate, denuded, X8, 2a. Same; 
abactinal plates, from inner side; r—r, radial series of plates. base 
of ray, XS. 2b. Same; ninth and tenth adambulacral plates and 

° adjacent actinal intermediate plates, XS. 2c. Same; tip of a lateral 
inferomarginal spine, much enlarged. 2d. Same; abactinal paxilla, 
«x16. 2e. Same; eighth inferomarginal plate showing the second comb 
of lateral spines. (1) and a single spine (2) of the outer lateral se- 
ries; the actinal spines are shown, and the circular scars of the 
accessory spinules, 6.5. P. 95. 

3. Psilaster gotoi; eighth and ninth adambulacral plates of type. 3a. 
Same; abactinal paxillae from base of ray, that to left being one of a 
radial series, X16. 36. Same; terminal plate, X8. P. 100. 

4. Psilaster robustus; abactinal paxillae, X16. 4a. Same; terminal plate, 
denuded. P. 103. 


563 


Prarne if. 


Fig. 1. Anthosticte aulophora; type, abactinal view, reduced, p. 140. 
2. Ctenophoraster diploctenius ; type, abactinal view, p. 95. 
3. Ctenopleura astropectinides ; type, abactinal view, p. 91. 
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PLATH 18. 


Ctenophoraster diploctenius ; type, actinal surface, p. 
Ctenopleura astropectinides ; type, actinal surface, p. 
. Anthosticte aulophora; type, actinal surface, p. 140. 


PLATE 19. 


lic. 1. Astromesites compactus; portion of actinal surface, enlarged, p. 107. 


») 


2. Anthosticte aulophora; portion of actinal surface, enlarged, p. 140. 
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PLATE 20. 


Iie. 1. Psilaster robustus; type, abactinal aspect, p. 103. 
2. Persephonaster monostocchus ; type, abactinal surface, p. 134. 


) 


3. Psilaster gotoi; type, abactinal surface, p. 100. 


( 


DOT 


Prarie 


Wig. 1. Psilaster gotoi; type, actinal surface, p. 100. 
2. Persephonaster monostocchus; type, actinal surface, p. 1 
. Psilaster robustus; type, actinal surface, p. 103. 


> 
ot. 
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PLATE 22. 


Itc. 1. Persephonaster tenuis; type, abuctinal view, p. 121. 
2. Persephonaster sulwensis; type, abactinal view, p. 125. 
3. Persephonaster oediplaxr; type, abactinal view, p. 127. 
4. Same; a smaller specimen. 
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Prat 233 


Fic. 1. Persephonaster suluensis; type, actinal view, p. 125. 
Persephonaster tenuis; type, actinal view, p. 121. 

Persephonaster luzonicus; type, actinal view, p. 118. 
Persephonaster oediplax; type, actinal view, p. Lie 


ow bo 


ie 


570 


U. S. NATIONAL’ MUSEUM BULLETIN 100, VOL.3 PL. 23 





STARFISHES OF THE PHILIPPINE SEAS AND ADJACENT WATERS. 


U. S. NATIONAL MUSEUM BULLETIN 100, VOL. 3 PL. 24 





STARFISHES OF THE PHILIPPINE SEAS AND ADJACENT WATERS. 


PLATE 24. 


Ita. 1. Persephonaster luzonicus ; type, abactinal surface, p. 118, 
2. Persephonaster euryactis brevispinus ; abactinal surface, p. 115. 
» 


3. Astromesites compactus ; type, abactinal surface, p. 107. 
4. Persephonaster curyactis ; type, abactinal surface, p. 112. 


PLATE 25. 


Fig. 1. Persephonaster multicinctus ; type, actinal view, p. 128. 


2. Astromesites compactus; type, actinal view, p. 107. 
3. Persephonaster euryactis brevispinus; actinal view, p. 115. 
4. Persephonaster euryactis; type, actinal view, p. 112. 
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PLATE 26. 


. Persephonaster multicinctus ; type, abactinal view, p. 128. 


Astromesites compactus ; specimen from station 5296, p. 107. 
. Persephonaster anchistus ; abactinal view of type, p. 117. 


PLATE 27. 
lic. 1. Persephonaster multicinctus ; actinal view of type, much enlarged, p. 123 
2. Persephonaster anchistus ; actinal view of type, much enlarged, p. 117. 
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PLATE: 28. 


Tic. 1. Persephonaster habrogenys; actinal view of type, enlarged, p. 151. 


2. Dipsacaster diaphorus; abactinal view of type, enlarged, p. 152. 
9 


3. Palagiaster sphaecrioplar; abactinal view of type, enlarged, p. 154. 


DTD 


PLATE 29. 


lia. 1. Tritonaster evorus; abactinal view of type, enlarged, p. 136. 
2. Dipsacaster diaphorus; actinal view of type, enlarged, p. 152. 
3. Patagiaster sphacriophaxs; actinal view of type, enlarged, p. 154. 


4. Tritonaster evorus; actinal view of type, enlarged, p. 136. 
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PLATE 30. 


Enlarged details of abactinal and actinal surfaces. 
Persephonaster tenuis; abactinal, p. 121. 
Persephonaster euryactis brevispinus ; abactinal, p. 115. 
Psilaster robustus; actinal, p. 103. 
Psilaster gotoi; actinal, p. 100. 
Persephonaster euryactis ; actinal, p. 112. 
Tritonaster evorus; abactinal, p. 136. 


on 


PLate 31. 


Enlarged details of abactinal and actinal surfaces. 
Fic. 1. Dipsacaster diaphorus; actinal, p. 152. 
2.3. Persephonaster oediplaxr; abactinal, p. 127. 
4. Astromesites compactus ; abactinal, p. 107. 
5. Persephonaster monostoechus ; actinal, p. 13 
6. Persephonaster habrogenys : abactinal, p. 131. 
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PEATERoZ: 


Dipsacaster imperialis. 


Kia. 1. Actinal surface of type, reduced; one pair ¢ 
cleaned, p. 146. 
2. Abactinal surface of type, reduced. 


f mouth plates has been 


on 


=] 
a) 


PEArh od 


Ita. f. Koremaster evaulus spiculatus; abactinal view of type, enlarged, p. 161. 
2. Koremaster evaulus ; abactinal view of type, enlarged, p. 157. 
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PLATE 34. 


Iie. 1. Koremaster evaulus spiculatus; actinal view of type, enlarged, p. 161. 
2. Koremaster evaulus ; actinal view of type, enlarged, p. 157. 
581 


PEATE: 3D. 


lig. 1. Persephonaster curyactis; inferomarginal, actinal intermediate, and 
adumbulacral plates from proximal portion of ray of type, * 6.5. The 
figures 2, 2, 2, indicate the second underlying comb of inferomarginal 
spines. la. Same; twelfth inferomarginal and superomarginal plates 
of type; note the increased length of the inferomarginal spines, * 6.5. 
1b. Same; a primary basal paxilla, X 16, Le. Same; paxillae from 
the base of ray just to one side of the radial line, * 16. 1d. Same; 
Polian vesicle, X 4. P. 112. 
2. Astromesites compactus, type; large paxillae from near madreporic body, 
«x & 2a. Same: twelfth to fourteenth adambulacral plates, X S. 2b. 
Same; abactinal plates from base of ray, * 8. 2c. Same; a side view 
of a paxilla from radial region of ray, X 8. 2d. Same; side view of 
mouth plates, X 6.5. . P. 107. 
Psilaster gotoi, type; sixth superomarginal and inferomarginal plates, 
p. 100; 
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PLATE 36. 


Persephonaster curyactis; spinelet from near inner edge of infero- 
marginal plate, X 52. 1a. Same; spinelet from outer part of infero- 
marginal plate, X 52. P. 112. 

Persephonaster curyactis brevispinus ; tweifth superomarginal plate, and 
upper end of adjacent inferomarginal plate, showing the small supero- 
marginal spines; second row of lateral spines marked 2; X 6.5. 2a. 
Same; eighth adambulacral plate, X 6.5. P. 15. 

Persephonaster luzonicus, type; sixth inferomarginal and adjacent ac- 
tinal intermediate and adambulacral plates, * 6.5. 38a. Same; pax- 
illae from base of ray: a pedicellaria is shown on the left; * 16. 3b. 
Same; spinelets from interomarginal plates, X 52. P. 118. 

Persephonaster anchistus, type; fifth inferomarginal and adjacent ac- 
tinal intermediate and adambulacral plates. * 4. The inferomarginal 
appears to be narrower than it really is on account of foreshortening. 
The series form a beveled border to ray. 4a. Same; outline of an 
inferomarginal plate, viewed without foreshortening, * 4. 4b. Same; 
2 paxillae from radial line, base of ray, showing a pedicellaria (ped.) 
and 2 papulae, X 16. 4e. A spinelet from near middle of infero- 
marginal plate, X about 28; note that the magnification is about half 
that of P. euryactis and P. luzonicus. 4d. Same; spinelet from near 
inner edge of inferomarginal plate, * 28S. P. 117. 


DSS 


REATH Ot. 


Fie. 1. Persephonaster tenuis, type; sixth inferomarginal plate and adjacent 
actinal intermediate and adambulacral plates, * 4; ped., subambula- 
cral pedicellaria ; int., intermediate plate. 1d. Same; 2 paxillae from 
near radial line, base of ray, X 16; ped., pedicellaria with 4 jaws; 
papulae outlined by circles. 1b. Same, terminal plate, X 6.5; two 
superomarginal plates are shown (sup.). Je. Same; inferomarginal 
spinelet from outer half of plate, X 52. 1d. Same; inferomarginal 
spinelet from near inner edge of plate, X 52. P. 121. 

2. Persephonaster multicinctus, type; eighth and ninth adambulacral 
plates, X 6.5; the furrow spines of the eighth plate have been removed 
and the inner subambulacrals bent toward furrow. 2a, Same; pax- 
illae and pedicellariae from disk, xX 16; ped., pedicellaria; pap., 


papula. 26. Same; a spinelet from near middle of inferomarginal 
plate, X 52. 2c. Same; a spinelet from near inner edge of infero- 
marginal plates. P. 123. 

3. Persephonaster monostocchus, type; two proximal inferomarginal plates, 
and adjacent actinal intermediate (int.) and adambulaecral plates, 
X 6.5. 38a. Same; 38 paxillae, and a pedicellaria, X 16. 3b. Same; a 
paxilla seen from the side, X 16. 8c. Same; 2 inferomarginal spine- 
lets, xX 525 sB2e34: 
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Piste os: 


Ite. 1. Persephonaster sulwensis, type; seventh and part of eighth inferomargi- 


9) 


”. 


nals, with adjacent actinal ‘intermediate and adambulacral plates, X 
6.5. la. Same; spinelet from inner edge of inferomarginal plate, 
about 48. 1b. Same; spinelet from outer part of plate, X 40. Ie. 
Same; mouth plates, * 6.5. 1d. Same; paxillae and pedicellariae from 
base of ray, X 16; ped., pedicellariae. le. Same; paxilla, from side, 
PLS « FP 125: 


Persephonaster oediplax, type; sixth inferomarginal plate and adjacent 


actinal intermediate (inf.) and adambulacral plates, * 6.5; ped., pedi- 
cellaria, 2a. Same; thirteenth superomarginal and upper end of 
adjacent inferomarginal plate, X 6.5. 2b. Same; four paxillae from 
radius, base of ray; one shows a pediceilarian apparatus, X 16. 2e. 
Same; inferomarginal spinelet from outer part of plate, * 52. 2d. 
Same; inferomarginal spinelet from near inner edge of plate, 52. 
Peli 


Anthosticte aulophora, type; abactinal plates from coelomic side, * 8. 


The irregular plates on the right are in the median radial region of 
the ray, and those to the left are in regular transverse series, p. 140. 


DSS 


PLATE 39. 


Ite. 1. Anthosticte aulophora, type; nineteenth and twentieth adambulacral 
plates, with adjacent actinal intermediate plates to the left, * 6.5. 1a. 
Same; three inferomarginal (inf.) and adjacent actinal intermediate 
(int. 1, int. 2) and adambulacrat plates (ad.) to show the deep mar- 
ginal fasciolar channels, X 6.5 1b. Same; paxilla from side, X 8. le. 
axilla from base of ray with three pedicellariae, X 8. 1d. Same; 
adoral face of a pair of marginal plates, showing the full height of 
their specialized ridges, * 4. Art., articulating surface of superomar- 
ginal: sa., Ssuperambulacral plate; df., actinal intermediate plates. 
P. 140. 

2. Persephonaster habrogenys, type; mouth plates X 8. 2a. Same; 
eleventh inferomarginal and adjacent adambulacral plate, * 8. 2b. 
Same; terminal plate, X 8. 2e. Same; paxillae from lateral portion 
of area, base of ray; ped., pedicellaria, K 16. 2d. Same; spinelet 
from middle of inferomarginal plate, * 52. 2e. Same; spinelet from 
near furrow margin of inferomarginal plate, * 52.) P. 131. 

3. Tritonaster evorus, type; eighth to tenth superomarginal, and upper end 
of eighth inferomarginal, showing lateral spines, * 8. 3a. Same; 
three paxillae from disk, <X 16. 36. Same; fifth inferomarginal and 
2 adjacent adambulacral plates, * 8S. P. 136. 
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PLATE 40. 


1. Dipsacaster imperialis, type; abactinal paxilla, from side, * 8. Ja. 
Same; paxillar spinelet much enlarged; compare with D. diaphorus. 
1b. Same; abactinal plates, X 8; r—yv, radial line. P. 146. 

2. Koremaster evaulus, type; sixth and seventh inferomarginal plates, and 
adjacent actinal intermediate (int.) and adambulacral plates, showing 
pedicellariae (ped.), X 6.5. 2a. Same; two furrow spines, side view 
X 6.5. 2b. Same; side view of paxilla, X 12. 2c. Same; paxillae from 
near edge of paxillar area, with characteristic pedicellariae, * 12. 
2d. Same; a pedicellaria from edge of paxillar area, X 12. 2e. Same; 
abactinal plates from ray, X 12; r—, radial line. P. 157. 

Koremaster evaulus spiculatus; fifth and sixth adambulacral plates, 
X 6.5. 38a. Same; abactinal plates, ~ 12; r—yr radial line. 3b. Same; 
side view of paxilla from near radial line, disk, X 12. 8c. Same, two 
actinal intermediate plates opposite second adambulacral showing 





pedicellariae (ped.). * 12.) 3d. Same; second superomarginal plate, 
from above, showing the adjacent margin of paxillar area, and 3 
pedicellariae (ped.) belonging thereto, along with 8 paxillae, «K 12. 
3e. Same; paxillae from interradial region of disk, X 12. 38f. Same; 
terminal plate, * 6.5; spinelets removed from right half. P. 161. 


5ST 


ia. 


als 


PLATE 41. 


Dipsacaster imperialis, type: seventh adambulacral plate, enlarged. 1a. 
Same; mouth plates with spines removed for comparison with fig. 
DOK ioe ee LAG: 

Dipsacaster nesiotes, station 5624; mouth plates with spines removed, 
XK 3.2.<-P. 145. 

Dipsacaster diaphorus, type: sixth inferomarginal and adjacent adam- 
bulacral plates, X 9.6. 8a. Same; side view of a paxilla from near the 
base of ray, X 16. 3b. Same; abactinal paxillae, X 16. 2c. Same; 
abactinal plates from inner or coelomic side, X 8. P. 152. 

Patagiaster sphaerioplar, type; fourth inferomarginal plate and ad- 
jacent actinal and adambulacral plates; inf., actinal intermediate 
plates, X 8. 4a. Same; abactinal paxilla from vicinity of madreporic 
body, X 16. P. 154. 

Luidia prionota, type, sixth inferomarginal and adjacent ninth adam- 
bulaeral plates, X 12. 5a. Same; twelfth adambulacral plate from 
adoral side, X 12. P. 164. 

Radiaster notabilis, type; paxillae from midradial region, at base of 
ray, X 12. Ga. Same; the tenth adambilacral plate, and an adjacent 
actinal intermediate plate, X 6.5. P. 217. 

Tarachaster tenuis, type; abactinal plates, ray near base; plates to left 
of dotted line in the region of regularly arranged plates, * 12. Ta. 
Same; adambulacral plates at base of ray, X 12. P. 402. 
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PLATE 42. 
Luidia gymnochora, type. 
Fie. 1. Abactinal surface, p. 175. 
» 


Actinal surface of one ray, dried, p. 175. 
agg 


PLATE 48. 


Fig. 1. Luidia avicularia: abactinal aspect of type, reduced, p. 172. 
2. Luidia orientalis; type. Disk with all 5 rays removed, p. 166. 
Same; one ray, same as disk; abactinal view. 
Same; margin of abactinal area of ray much enlarged. 
. Luidia longispina; abactinal view, p. 164. 
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PLATE 44. 
Fic. 1. Luidia orientalis; portion of abactinal surface of ray, enlarged, p. 166. 
2. Luidia avicularia; portion of abactinal surface of ray, enlarged, p. 172. 
3. Luidia moroisoana; portion of ray of a specimen from Japan, for com- 
parison with ZL. avicularia (fig. 2); enlarged, p. 175. 
4. Luidia gymnochora; portion of abactinal surface of ray, enlarged, p. 175. 
5. Same; one-half of an enlarged view of actinal surface of ray; further 
on the right. 
159 


PLATE 45, 


Iias.1,2. Luidia prionota; type, actinal and abactinal view, enlarged, p. 164. 
Archaster angulatus ; actinal view, enlarged, p. 181. 
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PLate 46. 


Irie. 1. Luidia gymnochora, type; inferomarginal, intermediate, and adam- 
bulacral plates at about the end of the proximal third of ray; the 
proximal plates of the 8 segments denuded of spines; int., actinal 
intermediate plates, * 4. Ja. Same; furrow pedicellaria from third 
adambulacral plate, ventral aspect (the valves are lateral, not dor- 
sal and ventral). 1b. Same pedicellaria as 1a, aboral valve, outer 
face, X16. le. Same; side view of a superomarginal paxilla near 
base of ray, X 6.5. 1d. Same; the right-hand series of abactinal 
paxillae are adjacent to the superomarginal paxillae; 2 papulae are 
shown (p:)),, XX (6.5: Be U5. 

2. Luidia avicularia, type; eighteenth adambulacral plate, X S. 2a. Same; 
subambulacral pedicellaria, X 8. 2b. Same; aboral aspect of a fur- 
row pedicellaria, the actinal jaw to the right, * 16. 2¢. Same; supero- 
marginal (left) and paxillae of next 2 longitudinal series, end of 
proximal third of ray. P. 172. 

d. Luidia orientalis, type; eighth and ninth adambulacral, and adjacent 
actinal and inferomarginal plates, * 6.5. P. 166. 


. 
~ 


598 


PLATE 47. 


ic. 1. Cheiraster diomedeae; abactinal aspect of type, p. 200. 
2. Cheiraster niasicus; abactinal aspect, p. 192. 
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Prater 48. 


Fic. 1. Cheiraster ludiwigi; abactinal view of type, enlarged, p. 203. 

2. Pectinaster hylacanthus ; abactinal view of type, enlarged, p. 187. 
3. Cheiraster triplacanthus ; actinal view of type, enlarged, p. 205. 
4. Same; abactinal view of type, enlarged, p. 205. 


595 


PLATE 49. 


ic. 1. Pectinaster inmtmicus; abactinal aspect of specimen from station 5630, 
enlarged, p. 182. 
2. Cheiraster ludiwigi: type, actinal aspect, enlarged, p. 205. 
2. Cheiraster ludiwigi; type, actinal aspect, enlarged, p. 203. 
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PLATE 50. 
Cheiraster gazellae. 


Fies. 1 and 2. Abactinal view of 2 large specimens, p. 196. 
ia. 3. Abactinal surface of small specimen with very numerous abactinal pedi- 
cellariae. 


DOT 


Prarneol 


Cheiraster gazellae; abactinal view of a large specimen upon which 


description is based, p. 196. 


Pres 2: 
Benthopecten polyctenius ; type, ahactinal view, with part of a ray de- 


9 9 
2, 0. 


tached, p. 211. 
598 


U. S. NATIONAL MUSEUM BULLETIN 100, VOL. 3 PL. 51 





STARFISHES OF THE PHILIPPINE SEAS AND ADJACENT WATERS. 


U. S. NATIONAL MUSEUM BULLETIN 100, VOL. 3 PL. 52 











STARFISHES OF THE PHILIPPINE SEAS AND ADJACENT WATERS. 


PLATE 52. 


Inc. 1. Cheiraster gazellae; actinal view of pl. 51, fig. 1. See p. 196. 
2. Benthopecten polyctenius ; actinal view of type, enlarged, p. 211. 
3. Pectinaster mimicus palawanensis; actinal aspect of type, enlarged, 
showing also side of ray, and three-quarter view of actinostome, the 
inner end of a pair of oral plates, ete., p. 185. 


HOD 


PLATE 53. 


Iria. 1. Benthopecten moluccanus ; abactinal aspect of type, enlarged, p. 208. 
2. Benthopecten styracius: abactinal aspect of type, enlarged, p. 2138. 
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PLATE 54. 


Pectinaster hylacanthus, type; fourth and fifth adambulaeral, aad third 
and fourth inferomarginal plates. P. 187. 

Pectinaster mimicus palawanensis, cotype; fifth and sixth adambulacral 
plates and adjacent third and fourth inferomarginal plates; between 
the latter, a superomarginal plate and spine (sup.), * 6.5. 2a. Same; 
abactinal plate and central spinule, from middle of ray of the type, 
IGP sb: 

Cheiraster gazellae ; thirteenth and fourteenth adambulacral, and seventh 
and eighth inferomarginal plates, * 6.5. 8a. Same; paxillae from 
edge of papularium, X 9.6. P. 196. 

Cheiraster niasicus; abactinal plates or paxillae from midradial line, 
near base of ray. 4a. Same; tenth inferomarginal, and adjacent four- 
teenth and fifteenth adambulacral plates, * 6.5. P. 192. 

Cheiraster diomedeae, type; fifth inferomarginal, and seventh and eighth 
adambulacral plates, * 9.6. 5a. Same; twelfth superomarginal and 
adjacent inferomarginal seen from side; note the intermarginal pedi- 
cellariae, X 9.6. 5b. Same; abactinal paxillae from interradial region 
of the disk, * 12. 5c. Same; abactinal plates from end of second 
third|of ray, < 12.. BP. 200: 

601 


PEATE. 55: 


Ita. 1. Cheiraster triplacanthus, type; twelfth and thirteenth superomarginal 
plates showing the transverse series of 3 spines, and (7) the enlarged 
accessory spinule, * 8S. la. Same; fourth and fifth inferomarginal 
plates, and sixth to eighth adambulacral plates, * 6.5. P. 205. 

2. Cheiraster ludwigi, type; sixth inferomarginal and ninth and tenth 
adambulacral plates, X 6.5. 2a. Same; abactinal plates, xX 9.6. 
Paes: 

3. Benthopecten styracius, type; fourth supero- and inferomarginals, and 
seventh and eighth adambulacral plates, * 6.5 38a. Same; abactinal 
plates, base of ray, X 9.6. P. 2138. 

4. Benthopecten polyctenius, type; third, fourth, and fifth inferomarginals, 
the fifth superomarginal (suwp.), and the eighth and ninth adambu- 
lacral plates, the eighth without furrow spines, xX 4. 4a. Same; 
abactinal plates, base of ray, midway between two odd _ interradial 
superomarginal plates, X 1.6. P. 211. 

5. Benthopecten moluccanus, type; abactinal plates from radial region at 
base of ray, on a transverse line between 2 odd interradial supero- 
marginals, X 6.5. 5a. Same, cotype; third inferomarginal, and sixth 
and seventh adambulacral plates, * 6.5. 5b. Same, type; fourth 
superomarginal, and adjacent abactinal plates, * 6.5. P. 208. 
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PLATE 56. 


Wras. 1,2. Cheiraster gazellae; large and small specimen, enlarged, abactinal 
view, p. 196. 
3,4. Rosaster mamillatus ; actinal and abactinal views, enlarged, p. 247. 
5. Ferdina glyptodisca; abactinal view, enlarged, p. 870. 
603 


PrAtTE 5. 


Fic. 1. Ceramaster smithi; abactinal view of type, p. 257. 
2. Radiaster notabilis ; abactinal view of type, p. 217. 
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PLATE 58. 


Fig. 1. Radiaster notabilis; actinal view of type, enlarged, p. 217. 
2. Ceramaster smithi; actinal view of type, enlarged, p. 257. 
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PLATE 59. 
Fic. 1. Pseudarchaster oligoporus ; abactinal aspect of type, p. 222. 
2. Aphroditaster microceramus ; abactinal aspect of type, p. 225, 
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PLATE 60. 


Fic. 1. Aphroditaster microceramus ; actinal view of type, p. 


99D 
2. Paragonaster stenostichus ; actinal surface of type, p. 282. 
3. Pseudarchaster oligoporus; actinal surface of type, p. 222. 


GOT 


PLATE 61. 


Fie. 1. Rosaster nannus, type; abactinal aspect, enlarged, p. 244. 
2. Same, type; actinal aspect, enlarged. 

3. Rosaster mamillatus ; actinal view of type, enlarged, p. 247. 

4. Same; abactinal view of type, enlarged. 
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Prarkn: 62: 


Iie. 1. Rosaster mimicus ; abactinal surface of type, p. 250. 
2. Nymphaster dyscritus;: abactinal surface of type, p. 266. 
609 


PLATE 63. 


ia. 1. Nymphaster mucronatus; abactinal aspect of type, p. 269. 
2. Same; actinal aspect of type. 


3. Nymphaster curyplax; abactinal aspect of type, p. 264. 
4. Nymphaster atopus ; actinal surface of type, p. 285. 
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PLAte G4. 


Fic. 1. Nymphaster arthrocnemis, type: abactinal aspect, p. 277. 
Nymphaster atopus, type; abactinal view, p. 285. 
Nymphaster moluccanus, type; abactinal view, p. 274. 


» 
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PLATE: 65. 


Fic. 1. Rosaster mimicus, type; actinal view, p. 250, 
2. Nymphaster moluccanus, type; actinal view, p. 274. 
3. Nymphaster dyscritus, type; actinal view, p. 266, 


ore 


4. Nymphaster arthrocnemis, type; actinal view, p. 277. 
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PLATE 66. 


1. Nymphaster leptodomus, type: abactinal view, p. 272. 
2. Nymphaster meseres, type; abactinal view, p. 280. 
3. Nymphaster habrotatus, type; abactinal view, p. 282. 


Ita. 


G15 


PLATE 67. 


Fig. 1. Nymphaster leptodomus, type; actinal view, p. 272. 


» Nymphaster meseres, type; actinal view, p. 250. 


HR) 


3. Nymphaster habrotatus, type; actinal view, p. 252. 
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PLATE 6S. 


Enlarged details of abactinal surface. 


mre 


Nyumphaster arthrocnemis, p. 277. 


Nymphaster meseres, ~p. 280. 
Nymphaster leptodomus, p. 272. 
Nymphaster habrotatus, p. 282. 


) 
) 


Nymphaster mucronatus, p. 269, 
Rosaster nannus, p. 244. 
Nyumphaster moluccanus, p. 274. 
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PLATE 69. 


Enlarged details of actinal surface. 
ia. 1. Nymphaster arthrocnemis, p. 277. 


2. Nymphaster meseres, p. 280. 
3. Nymphaster leplodomus, p. 272 
4. Nymphaster habrotatus, p. 282. 
5. Nymphaster alopus, p. 285, 
6. Nymphaster mucronatus, p. 269. 
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PLATE 70. 


Enlarged details of abactinal and actinal surfaces, 
Fic. 1. Rosaster mimicus, actinal, p. 250. 
2. Paragonaster stenostichus, abactinal, p. 282. 
3. Paragonaster ctenipes hypacanthias, abactinal, p. 228, 
4. Nymphaster atopus, abactinal, p. 285. 
». Aphroditaster microceramus, actinal, p. 225. 
G17 


PLATE Ti. 
ra. 1. Paragonaster stenostichus, type; abactinal aspect of type, p. 252. 
2. Paragonaster ctenipes hypacanthus, type; abactinal view of type, p. 228. 
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PEATE (2: 
lig. i. Paragonaster ctenipes hypaconthus, type; actinal surface, p. 22s. 
2. Nymphaster curyplaxr, type; actinal aspect, p. 264. 
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PLATE 73. 


View 1. Perissogonaster insignis ; abactinal view of type, reduced, p. 236, 
Oyo 


2. Atelorias anacanthus ; abactinal aspect of type, reduced, p. 345. 
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PLATE 74. 


. Peltaster cycloplax; actinal surface of type, reduced, p. 290. 


Perissogonaster insignis ; actinal surface of type, reduced, p. 2: 


. Atelorias anacanthus ; actinal surface of type, reduced, p. 343. 


G22 


PATH To: 


Peltaster cycloplax, type; abactinal view, p. 290. 
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PLATE 76, 


ig. 1. Lithosoma actinometra; abactinal surface of type, reduced, p. 298. 
2. Lithosoma penichra; actinal surface of type, enlarged, p. 301. 
3. Lithosoma actinometra; actinal surface type, reduced, p. 298. 


625 


PEATE (1. 


hie. 1. Lithosoma penichra; abactinal surface of type, p. 801, 
2. Iconaster longimanus; actinal surface, p. 308. 
3. Pontioceramus grandis; abactinal surface of type, p. 294. 
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PLATE 78. 


Iria. 1. Anthenoides cristatus; actinal surface of young specimen, enlarged, 


p. 329. 
Same; abactinal surface of voung specimen, enlarged. 


Pontioceramus grandis; actinal aspect of type, p. 294. 


~ 
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PLATE 79. 


2 QF 


ras. 1-8. Stellaster ineei; 8 specimens from station 5358, enlarged, to show 
variations, p. 326. 


4. Iconaster perierctus; abactinal surface of type, enlarged, p. 306. 
5. Sphaeriodiscus scotocryptus; abactinal surface of type, enlarged, 


p. 287. 
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Prate SO. 


Stellaster ineci; specimen from station 5483, slightly enlarged, showing 
absence of abactinal spines, p. 326. 

Goniodiscaster forficulatus ; actinal surface, enlarged, p. 324. 

Same; abactinal surface. 

Sphacriodiscus scotocryptus ; actinal surface of type, enlarged, p. 2ST. 
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PLATE 81. 


Fic. 1. Astroceramus lionotus; abactinal aspect of type, p. 310. 
2. Astroceramus sphaecriostictus ; abactinal aspect of type, p. 315. 
3. Iconaster perierctus ; actinal view of type, p. 306, 
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PLATE 82. 


Fic. 1. Astroceramus lionotus ; actinal view of type, p. 310. 
2. Astroceramus sphacriostictus ; actinal view of type, p. 315. 
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PLATE 83. 


Enlarged details, both surfaces. 
Fic. 1. Peltaster cycloplax; actinal, mouth to left, p. 290. 
2. Tconaster perierctus : abactinal, p. 306. 


3. Same; actinal. 

4. Pontioceramus grandis; actinal, p. 294. 

5. Iconaster longimanus ; abactinal, p. 305. 

6. Sphaeriodiscus scotocryptus; actinal, p. 287. 


sau 


Same; abactinal. 
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ite 


Prati St. 


Leiaster analogus ; actinal surface dried, enlarged, p. 596. 
Lithosoma actinometra: abactinal, natural size, p. 298. 
Astroceramus linonotus; abactinal, p. 310. 

Astroceramus sphaeriostictus : abactinal, p. 313. 
Ophidiaster trychnus: actinal, enlarged, p. 890. 

Lithosoma penichra; abactinal, slightly enlarged, p. 301. 
Astroceramus sphacriostictus : actinal, p. 813. 


22 
65 


PETES: 





Fria. 1. Lithosoma penichra: actinal surface, enlarged (r=21 min.), p. 301. 
2. Lithosoma actinometra; actinal surface, slightly reduced, p. 298. 


919 


>. Afelorias anacanthus ; actinal, p. 545. 
4. Anthenoides rugulosus ; abactinal, p. 838. 
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Prater S86. 


Fre. 1. Calliaster corynetes : abactinal view of type, p. 316. 
2. Astrothauma euphylacteum ; abactinal aspect of type, p. 820. 


PLATE ST. 


Fig. 1. Calliaster corynetes: actinal view of type, p. 316. 
2. Astrothauma euphylacteum ; actinal view of type, p. 820. 
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PLatTe 88. 


9907 


Iie. 1. Anthenoides cristatus ; young specimen, reduced, p. 327. 


2. Anthenoides granulosus; actinal surface of a dried specimen, reduced, 
D. 3338. 

5. Same; abactinal aspect of type, reduced. 

4. Anthenoides rugulosus; abactinal view of type, reduced, p. 338. 
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PLATE 89. 


Fic. 1. Anthenoides cristatus; abactinal view of full-grown specimen, reduced, 
p. 329. 
2. Anthenoides lithosorus; abactinal aspect of type, reduced, p. 336. 
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PLATE 90. 
Wig. 1. Anthenoides rugulosus ; actinal surface of type, enlarged, p. 338. 
2. Anthenoides lithosorus; actinal surface of type (dry), enlarged, p. 336. 


637 


pLaTrTe 91. 


Fia. 1. Aphroditaster microceramas, type; 8 abactinal plates, radial region, 
< 9.6. la. Same: an abactinal plate from side, X 9.6. P. 225. 
2. Pseudarchaster oligoporus, type; fifth adambulacral plate, and 3 adja- 
cent actinal intermediate plates. 2a. Same; 2 abactinal plates, * 9.6, 
Pe eee: 

3. Rosaster nannus, type: 2 proximal adambulacral plates, * 9.6. 3a. 
Same; median radial plate, adjacent to the primary radial, X 20, 
3b. Same; abactinal plates from the coelomic side; ad, anus; r—a, 
radial line of plates: ir—a, interradial line of plates. P. 244. 

4. Rosaster mimicus, type; seventh adambulacral plate, and parts of 2 ad- 
jacent actinal plates. 4a. Same; an actinal intermediate pedicellaria. 
4b. Same; abactinal plates from the coelomic side; 7—r, radial plates ; 
2 plates of either adradial series are shown, and several plates from 
the interradial region, X 6.5. P. 250. 

5. Rosaster mamillatus, type; a radial (eft) and 2 adradial plates, X 9.6. 
5a. Same; fourth superomarginal from tip of ray showing the tubercle ; 
to the right, 2 abactinal plates are shown which separate the 2 series 
of superomarginals, X 9.6. P. 247. 

6. Rosaster symbolicus; 3 vadial plates to the left, and 2 adradial to the 
right, showing the internal connecting ossicles, * 6.5. DP. 255. 


Ceramaster smithi, type; abactinal plates of radial area from coelomic 
side, * 9.6. Ta. Same; fourteenth and fifteenth adambulacral plates, 
xX 9.6. Tb. Same; one of the proximal radial plates, X 9.6. Te. Same ; 
an adradial plate, X 9.6. P. 257. , 
8. Perissogonaster insignis, type; twentieth adambulacral plate, > 6.5. 
Sa. Same; radial paxilla from disk, * 9.6. P. 256, 
). Paragonaster clenipes hypacanthus; vadial paxilla or. plate, * 9.6. 


9a. Same; seventh adambulacral plate, * 6.5. P. 228. 
). Paragonaster stenostichus, type; fifth and sixth adambulacral plates, 
x 9.6. 10a. Same; a paxilla from the radial series, X 9.6. P. 2382. 
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PLATE 92. 


ie. 1. Nymphaster mucronatus, type; a radial abactinal plate from midway 
between center and base of ray, X 9.6. Ja. Same: thirteenth adam- 
bulaeral plate, X 6.5. P. 269. 

2. Nymphaster leptodomus, type: 2 consecutive radial plates, * 9.6. 2a. 
Same; sixteenth adambulacral plate, * 9.6. 2b. Same; abactinal 
pedicellaria, X 12. P.-272. 

3d. Nymphaster moluccanus, type; radial plate, from middle of radial 
area, X 6.5. 3a. Same; seventeenth adambulacral plate, X 6.5. 3b. 
Same; actinal intermediate pedicellaria from plates adjacent to 
adambulacrals. DP. 274. 

4. Nymphaster meseres, type; radial plate, xX 9.6. 4a. Same; tenth 
adambulaeral plate (the first to touch an inferomarginal plate), 
9.6. 2k: 280: 

>. Nymphaster dyscritus, type; proximal radial plate, < 6.5. 5a. Same; 
sixteenth adambulacral plate, * 6.5. 5b. Same; pedicellaria from 
an adambulacral plate. P. 266. 

6. Nymphaster euryplar, type; sixteenth and seventeenth adambulacral 
plates, the latter being the first to touch an inferomarginal at base 
of ray, X 6.5. Ga. Same; radial plate from middle or radial area, 
X 6.5. 6b. Same; pedicellaria. P. 264. 

‘. Nymphaster atopus, type; abactinal plates from radial area, X 9.6. 
Ta. Same; sixth adambulacral plate (the last one adjacent to an 
actinal intermediate plate), * 9.6. P. 285. 

8. Nymphaster habrotatus, type; fifteenth adambulacral plate, * 6.5. Sa. 
Same; pedicellaria on third adambulacral plate. DP. 282. 

9. Nymphaster anthrocnemis, type; a proximal radial plate, & 6.5, and 
below an abactinal pedicellaria much enlarged. 9b. Same; twelfth 
adambulacral plate. P. 277. 

10. Sphaeriodiscus scotocryptus, type; fourth adambulacral plate, X 9.6 
10a. Same; proximal radial plate, X 9.6. P. 287. 

11. Peltaster cycloplar, type; radial plates, with secondary plates, from 
the coelomic side, * 6.5. lla. Same; eighth adambulaecral plate, 
x65. 1b. Same; actinal intermediate pedicellaria, open.  11e, 
Same; closed, X 9.6. 11d. Same; abactinal pedicellaria, X 9.6. 
P2290: 
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PLATE 98. 
Ita. 1. [conaster perierctus, type; primary radial plate (pr), 2 radial plates, 
and 2 adradial plates. da Same; ninth and tenth adambulaecral 
plates. P. 306. 

2. Iconaster longimanus ; 2 radial plates (7), and 2 lateral series, showing 
the peculiar marginal granules and pedicellariae, * 9.6. 2a. Same: 
fifteenth adambulacral plate (at base of narrow part of ray), X 9.6. 

PA OUe. 

3. Lithosoma actinometra, type; tenth adambulacral plate, &X 6.5. 3a. 

Same; 2 radial plates, X 6.5. P. 298. 

4. Pontioceramus grandis, type; twentieth adambulacral plate, X 6.5. 4a. 
Same; radial plate near center of disk, X 6.5. 4b. Same; an actinal 
intermediate pedicellaria, X 9.6. P. 294. 

0. Calliaster corynetes, type; eighth and ninth adambulaeral plates, and 
x 9.6 5a. Same, station 5248; furrow face of adambulacral plates, 
Same; abactinal plates, the 2 on the left being the third and fourth 
from the primary radial; lower plate adcentral, X 6.5. P. 316. 

6. Lithosoma penichra, type; the 2 plates to the left are from the radial 
series; 1 adradial plate with pedicellaria, 9.6. Ga. Same: fourteenth 
adambulacral, and 2 adjacent actinal plates, X 9.6. 6b. Same: from 
station 5123; corresponding plate to that shown in 6a, X 9.6. P. 301. 

7. Astrothawmna euphylactewmn, type; tip of ray, showing the enlarged 
distal superomarginals, X 3.2. Ta. Same; adambulacral plate, X 6.5. 
Tb. Same; actinal intermediate pedicellaria, enlarged. Te. Same: on 
right, fourth to sixth radial plate from the primary radial; ? »dradials 
on the left, X 6.5. BP. 320. 
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bree 


Paani: OS. 


Astroceramus sphacriostictus, type; fourth and fifth adambulacral plates 
and adjacent actinal plate, X 9.6. Ja. Same; a radial plate, X 6.5. 
Peas: 

Astroccramus lionotus, type: fourth and fifth adambulacral plates and 
adjacent actinal plate, <X 9.6. 2a. Same; 2 radial plates, X 6.5. 
Pe old: 

Atelorias anacanthus, type; sixth adambulacral plate. 8a. Same; ac- 
tinal pedicellaria near adambulacrals. 8b, Same; radial plates; 2 
plates have been treated with caustic potash to show granules, * 6.5. 
Proto: 

Anthenoides granulosus, station 5624; seventh adambulacral plate, * 6.5, 
da. Same; an actinal pedicellaria ; below, one jaw from side, * 12. 4b. 
Same; abactinal pedicellariae, dry, X 9.6. P. 333. 

Anthenoides rugiulosus, type; seventh adwubulacral plate; specimen not 
dry. X 5. 5a. Same; actinal pedicellaria adjacent to adambulacral 
plate, X 12. 5b. Same; small portion of abactinal surface in radial 
region, showing 2 pedicellariae and wrinkled skin, * 12; p., papulie ; 


P YOO 
. OOO, 


pd., pedicellariae., 5e. Same; closed pedicellaria. 


Anthenoides lithosorus, type, dried ;-eighth adambulacral plate, * 5. Ga, 


Same; actinal intermediate pedicellariae, adjacent to furrow, X* 9.6, 
Parao0: 

6b. Same; a pedicellaria and a granule, * 9.6. Ge. Same; abactinal 
pedicellaria from side, * 16. 

Halityle regularis, type; actinal view of 2 adambulacral plates, and a 
portion of an intermediate plate, * 5. Ta. Same; dried specimen ; fur- 
row face of an adambulacral plate; on either side the furrow spines 
have been removed to show actinal surface, * 9.6. P. 562. 

Pentaceropsis tyloderma, type; 2 adamblacral plates from middle of 
ray, furrow margin to right; the subambulacral spines have been 
removed from the distal plate, X 6.5. Sa. Same; actinal intermediate 
pedicellaria opposite third adambulacral plate, * 9.6. Sb. Same; 
abactinal pedicellariae from papular area, middle of radial region, 
much enlarged. DP. 350. 

G41 


PLATE 95. 


Fig. 1. Asterodiscus helonotus, type: tubercles on central portion of disk, X 6. 
da. Same; 2 adambulacral plates, X 6.5. P. 357. 

2. Fromia custicha, type; fourteenth and fifteenth plates, * 9.6. P. 375. 

2. Fromia hemiopla, type; 2 adambualacral plates from proximal third of 
ray, * 9.6. P. 377. 

4. Ferdina glyptodisca, type; furrow face of an adambulacral plate, mid- 
dle of ray, the adoral side to right, * 9.6. 4a. Same; the adambulacral 
spines seen from the actinal surface; the dotted lines indicate the 
limits of a plate; adoral side of plate, below, * 9.6. 4b. Same; 
integument adjacent to basal plate (part of which is shown on the 
left) showing the granules, X 9.6. P. 370. 

5. Ophidiaster fuscus, station 5248; actinal view of 8 adambulacral plates. 

x 9.6. Da. Same, station 5248;; furrow face of adambulacral plates, 

Xx 9.6. 5b. Same; an adradial plate, showing tubercle, pedicellaria, 

and adjacent papular area, X 9.6. 5ce. Same, station 5641; a pedicel- 

laria, enlarged. P. 388. 

3. Ophidiaster trychnus, type; adambulacral plates, base of ray, %* 16. 
Ga. Same, cotype; an abactinal pedicellaria, * 16. 6b. Same, cotype ; 
the form or alveolus of an abactinal pedicellaria, X 16. Ge. Same, 
type; furrow face of 2 adambulacral plates, * 16; ad., adoral side. 
6d.-Same, type; radial plates, near base of ray, X 16. P. 390. 

Leiaster analogus, station 5165, dried; adambulacral plates, * 9.6, 
P. 396. 


8. Bunaster lithodes, type; actinal surface, near base of ray, X 12; 


adambulacral plates to right; the subambulacral spines are in the 
middle. Sa. Same; a pedicellaria from an abactinal plate, in an inter- 
radius, much enlarged. Sb. Same; abactinal granules and pedicel- 
lariae, much enlarged. P. 398. 

Nardoa tumulosa, station 5160; 2 adambulacral plates near middle of 
TAY, 6:0. ©; Bob: 

10. Halityle regularis ; abactinal plates from the middle of the radial region, 

and from the coelomic side, natural size. P. 862 


oG62, 
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Pirate 96. 


Asterodiscus helonotus, type; abactinal surface, p. 
Same; portion of actinal surface. 
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PLATE 97. 


ia. 1. Pentaceropsis tyloderma, type; abactinal surface, p. 350. 
2. Asterodiscus clegans ; specimen photographed from side, p. 3855, 
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PLATE 98. 


Fic. 1. Halityle regularis; actinal surface of type, reduced, p. 362. 
2. Pentaceropsis tyloderma ; actinal surface of type, p. 850. 
G45 


PLATE 9Y. 
Halityle regularis, type. 


Pig. 1. Specimen photographed from side to show marginal plates, reduced, 
Doors 
2. Abactinal view, showing the regular papular areas, reduced. 
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PLATE 100. 


lia. 1. Pentaceropsis tyloderma; portion of radial region of abactinal surface, 
enlarged, p. 350. 
2. Halityle regularis; side of body showing marginal plates and end of ray, 
p. 862. 
5. Same; apical area showing the regular papular areas. 
647 


PLATE! WO. 


Fra. 1. Oreaster alveolatus: abaetinal view, reduced, p. 3848. 


2. Asterodiscus clegans; abactinal view, p. 595. 
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PLATE 102. 


ic. 1. Dissogenes styracia; portion of actinal surface of type, enlarged, p. 368. 


2. Oreaster nodosus ; abactinal surface, reduced, p. 346. 
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PLATE 103. 


ic. 1. Dissogenes styracia; abactinal aspect of type, p. 368. 
2. Ophidiaster trychnus : abactinal view of type, enlarged, p. 390. 
Same; actinal view of type, enlarged. 
Ophidiaster fuscus; actinal aspect, p. 38S. 
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PLATE 104. 


lug. 1. Ophidiaster fuscus; abactinal view, enlarged, p. 388. 
2. Ferdina glyptodisca; abactinal view, enlarged, p. 3870. 
3. Iconaster longimanus; abactinal view, enlarged, p. 808. 


PLatTe 105. 


lia. 1. Fromia eusticha, type; abactinal view, outer part of one ray with gran- 
ules removed to show plates, p. 875. 


2. Fromia hemiopla, type; abactinal view, p. 3877. 
3. Nardoa semiregularis ; abactinal aspect, p. 383. 
4. Fromia japonica; abactinal view, p. 873. 

DD. Nardoa squamulosa; abactinal view, p. 883. 
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PiLare 106. 
Fromia custicha, type; actinal surface, p. 875. 
Fromia japonica, station 5251; actinal surface, p. 373. 
Fromia hemiopla, type; actinal surface, p. 877. 
Ferdinga glyptodisca, type; actinal surface, p. 370. 


Prarie or. 


Mnlarged details of abaetinal and actinal surfaces. 


lic. 1. Fromia japonica; actinal, p. 373. 
2. Fromia hemiopla; abactinal, p. 377 
3. Fromia custicha; abactinal, p. 375, 
4. Fromia hemiopla; actinal, p. 377 
». Fromia custicha; actinal, p. 375. 
6. Ophidiaster trychnus; abactinal, p. 890. 
7. Fromia japonica; abactinal, p. 373. 
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PLATE 108. 


Fic. 1. Nardoa mollis; Mér Island (Murray Islands), Torres Strait. (M. C. Z. 
Coll.) -Ps38i- 

Nardoa novae-caledoniae; Mér Island. (M. C. Z. Coll.) P. 379. 

Nardoa pauciforis; No. 2822, Museum of Comparative Zoblogy, Mér 
(Murray Islands), Torres Strait. P. 381. 

4. Nardoa variolata, Mauritius. (M. C. Z. Coll.) P. 379. 


we 


PLATE 109. 


ia. 1. Nardoa frianti; abactinal surface, p. 885. 


2. Nardoa tumulosa; abactinal surface of type, p. 386. 
do. Patiriella erigua; abactinal surface of a specimen from Panbutan Bay, 


p. 416. 
4. Same; actinal surface of same specimen, enlarged. 
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Ire: 1: 


Pram ii: 


Nardoa tuberculata; abactinal surface; p. 38-4. 
Ophidiaster dubiosus ; abactinal surface, enlarged, p. 39-4. 
Anseropoda macropora; abactinal surface of type, enlarged, p. 424. 
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PrarE Aaa 


Enlarged details of abactinal and aetinal surfaces. 
Nardow squamulosa; abactinal, p. 3883. 
Nardoa tumulosa; abactinal, p. 886. 
Nardoa frianti; abactinal, p. 385. 
Ophidiaster dubiosus; abactinal, p. 394. 
Ophidiaster fuscus ; abnetinal, p. 38s. 
Same; actine),. 
GOS 
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Pratm 112: 


Inia. 1. Leiaster analogus, type; abactinal aspect, showing also the side and 
actinal surface, p. 3896. 
2. Hehinaster callosus; actinal aspect, showing also the side of 2 rays, 
p. 428. 
659 


PrArE, 3: 


Fig. 1. Nepanthia joubini; abactinal surface, enlarged, p. 425. 
2, Same; actinal surface, enlarged. 
3. Nepanthia maculata; abactinal surface, enlarged, p. 422. 
4. Same; actinal view, enlarged. 
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PLATE 114. 


ig. 1. Paranepanthia platydisea; abactinal surface of type. The spinelets 
have been removed from an area of one ray, p. 420. 
2. Asterinopsis pedicellaris ; actinal view of type, p. 417. 
3. Same; abactinal view of type. 
4. Parancpanthia platydisca; actinal aspect of the type, p. 420. 
661 


PrAmm 1; 


Ilia. 1. Asterina coronata cuerces ; abactinal aspect of type, enlarged, p. 414. 
2. Same; actinal view of type, enlarged. 

3. Asterina coronata cristata; abactinal view of type, p. 411. 

4. Asterina cepheus; abactinal view, enlarged, p. 411. 
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PratEe 116. 


Enlarged details. 
ras. 1,2. Asterina coronata euerces;: type, p. 414. 
3. Zoroaster carinatus philippinensis: spines cleaned from a portion 
of ray; p. 47T. 
». Paranepanthia platydisea; type, p. 420. 


i 


awn 
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Prac, i 


Acanthaster brevispinus ; abactinal view of type, p. 442. 
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PLATE 118. 


ia. 1. Acanthaster brevispinus : portion of actinal surface, p. 442. 
2,3. Henricia densispina; enlarged, p. 436, 
4. Henricia arcystata; portion of ray much enlarged, p. 459 


del. 
5. Henricia arcystata; actinal view, enlarged. 
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FTG: 


de 


Henricia densispina; actinal 


p. 436. 


Same; abactinal view of another specimen from station 5 


PLATE 119. 
surface of specimen from = station 5523, 


ae 
Dee 


Same; abactinal view of specimen from station 5519, enlarged. 


type, enlarged, p. 
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439. 


4. Henricia arcystata; portion of abactinal and lateral aspects of 2 rays of 
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De 


Pirate 120. 


NXenorias polyctenius ; actinal view of type, p. 451. 
Henricia arcystata; actinal view of type, p. 489. 

Henricia microplar: actinal aspect of type, p. 487. 
Tarachaster tenwis; abactinal view of type, p. 402. 
Henricia microplaxs; abactinal view of type, p. 487. 


( 


+“ 


1G 


“| 


Pram 220k 


lig. 1. Asterinopsis pedicellaris ; type, actinal view, enlarged, p. 417. 
2. Henricia microplaxr; type, abactinal view, enlarged, p. 4387. 
3. Tarachaster tenuis; type, actinal view, enlarged, p. 402. 
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Pratn 122: 


lie. 1. Othilia purpurea; abactinal view, p. 452. 
2. Hehinaster sterecosomus ; actinal surface of type, p. 480. 
3. Same; abactinal surface of type. 
4. Hehinaster callosus; abactinal surface. of young specimen, p. 428. 
5. Same; actinal surface. 
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PrAtrel2o. 


Fig. 1. Nenorias polyctenius; abactinal view of type, enlarged, p. 451. 
2. Lophaster suluensis; abactinal view of type, enlarged, p. 449. 
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PLATE 124. 


Crossaster scotophilus; abactinal view of type, partly dry, enlarged, 
p. 447. 

Hymenaster bartschi; abactinal view of type, p. 465. 

Lophaster sulwensis; actinal surface of type, enlarged, p. 449. 

Bunaster lithodes ; abactinal view of type, much enlarged, p. 398. 


671 


PLATE 125. 


Solaster tropicus; abactinal view of type, p. 444. 
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PLATE 126. 


1. Tarachaster tenwis; actinal view of type, enlarged: the rays are twisted 
The plates of one actinal 
aetinal 


FIG. 
so as to show also the side and dorsum. 
interradial area have been denuded, as also a portion of the 
surface of one ray, p. 402. 

2 Solaster tropicus; actinal surface of type, Dp. 44-4. 


PrATE 2K: 


Fia. 1. Pteraster obesus myonotus ; abactinal view of type, p. 458. 
2. Pteraster corynetes; actinal view of type, p. 456. 

Same; abactinal view of type. 

Hymenasterides zenognathus ; actinal view of type, p. 468. 


-_ 


tC 


5. Same; abactinal view of type. 
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Pravin 128: 


iG. 1. Pteraster corynetes ; actinal view of type, enlarged, p. 456. 

2. Hymenasterides zenognathus; actinal aspect of type, much enlarged, 
p. 468. 

3. Pteraster obesus myonotus ; actinal view of type, enlarged, p. 458. 


OTD 


Hymenaster rhodopeplus : abactinal view of type, enlarged, D. 463. 
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oy: 


PrAre 130; 


Hymenaster rhodopeplus ; actinal view of type, p. 465. 


Diplopteraster multipes patagtatus ; abactinal view of type, p. 


Fig. id: 


». 


) 


Prag Ti: 


Dissogenes styracia, type; radial plates, base of ray, X 6.5. Ja. Same; 
fifth and sixth adambulacral plates * 6.5. 1b. Same; abactinal plates 
with the granules removed, near middle of ray, X 4.) P. 368. 

Marginaster paucispinus, type; actinal surface showing last 5 (third to 
seventh) inferomarginal plates, and distal adambulacrals, X 9.6. The 
Jast 2 marginals are partly hidden; int., actinal intermediate plate. 
2a. Same; abactinal surface, showing arrangement of plates, X 5; 
b, primary basal; 7, primary radial; sm 7, the first superomarginal ; 
ir, interradial line. P. 407. 

Anseropoda macropora, type; external view of abactinal plates, showing 
the enlarged plates surrounding the papular pores; 7, the radial series 
of plates, * 16.) 35a. Same (cotype; one of the proximal papular pores, 
with enlarged and normal plates, * 16. 3b. Same; 2 adambulacral and 
3 adjacent actinal intermediate plates. P. 424. 

Asterina coronata cristata, type; an adambulacral plate and an actinal 
intermediate plate, int., * 9.6. 4a. Same; abactinal plates adjacent to 
the radial line, showing, on the right, 2 of the enlarged plates, X 12. 
P. 411. 


Asterina coronata euerces, type; an adambulacral plate, and an actinal 


intermediate plate to the left (int.), * 20. 5a. Same, type; abactinal 
plates of disk, near the interradial line (ir), each with a pedicellaria 
(ped.), X 12. P. 414. 

Acanthaster brevispinus, cotype; 38 adambulacral plates, * 6.5; the upper, 
Which is distad, has the furrow spines removed to show the furrow 
pedicellaria beneath (fp); note the subambulacral pedicellaria (ped.). 
Ga. Same; 2 abactinal spines, X 12. 6b, ¢, d. Same; 8 abactinal pedi- 
cellariae. P. 442. 
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Fic. 


PLATE, 132: 

1. Parancpanthia platydisca, type; eleventh and twelfth adambulacral 
plates with the 2 adjacent actinal intermediate plates (int.) * 9.6. 
la. Same; an adambulacral and an intermediate plate (int.), middle 
of ray, X 9.6. 1b. Same; abactinal plates, middle of ray; the arrows 
mark the division between the radial and lateral areas; * 9.6. P. 420. 

2. Asterinopsis pedicellaris, type; an abactinal plate from near interradius 
x 16. Ba. Same, tenth to twelfth adambulacral plates, with adjacent 
intermediate plates (int.), * 16.) P. 417. 

3. Henricia microplar, type; furrow face of an adambulacral plate, X* 8. 
PR. 43%. 

4. Henricia arcystata, type; profile view (adoral side) of the fifth adam- 
bulacral plate, X 8. P. 489. 

d, 5a—5e. Hehinaster callosus; deposits in skin of large specimen, X 400. 
dd, 5e. Same; station 5138; deposits in skin of small specimen. P. 428. 

6, Ga-Ge. Hehinaster stereosomus, type; deposits in skin, X 400. P. 430. 

7, 7a, 7b. Othilia purpurea, station 5160; deposits in the skin, & 400. 
P. 482. 

8S. Lophaster suluensis, type; seventh and eighth adambulacral plates, 
actinal intermediate plates, fourth, fifth, and sixth inferomarginals 
(4) and 2 superomarginals (s). Sa. Same; adradial paxillae, base 
of ray. P. 449. 


GT9 


Ita, 


all. 


‘ 
o. 


A 


PLATE) 133. 


enorias polyctenius, type; 2 adambulacral, 3 adjacent inferomarginal 
(i) and 2 superomarginal plates (s), XS. la. Same; superomargi- 
nal and inferomarginal plates from the side, * 6.5; the spines point 
toward the end of the ray. 1b. Same; abactinal pseudopaxillae, base 
of ray, X 6.5. P. 451. 


Nolaster tropicus, type; thirteenth and fourteenth adambulacral, and 


vdjacent actinal plates, showing the heavy investment of the spines, 
x5. 2a. Same; abactinal plates, dried, from near median line and 
the proximal third of ray, X 6.5. 2b. Same; abactinal pseudo- 
paxillae with the integument covering the plates and spines. P. 444. 


Crossaster scotophilus, type; fourteenth and fifteenth adambulacrals and 


adjacent inferomarginal plates, XS. 3a. Same; abactinal plates at 
base of ray and near median line, X 6.5. P. 447. 


Pterastcer obesus myonotus, type; mouth plates, * 6.5. P. 45s. 
Pteraster corynetes, type; a paxilla from the side, showing 5 charac- 


teristically formed spines, * 12. 5a. Same; paxillae and the supra- 
dorsal membrane near center of disk, X 6.5. P. 456. 


Hymenaster rhodopeplus, type; second and third adambulacral plates, 


x8. P. 463. 


Hymenaster bartschi, type; second adambulacral plate, X 8S. P. 465, 
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PLATE 1384. 


ia. 1. Hymenasterides zenognathus, type; oral angle showing mouth plates 
and the first 6 adambulacral plates of one side, 8 of these are obviously 
“prominent ” plates (p) and between them are the alternate smatier 
adambulacrals, each with 1 spine (7p), X 8. P. 468. 

2. Myaraster medusa, type; abactinal plates from the inside, X 8. 
Same; adambulacral plates denuded of spines; the furrow margin is 
toward the left; X 4. 2 b,¢,d. Same; 8 abactinal plates, disassociated ; 
the attachment point of the spines is shown by the slight bosses on 
the plate, X 8. 2e. Same; oral angle, with mouth plates and 2 
adambulacral fans on either side, X 2.5. P. 454. 

3. Cnemidaster wyvillii, station 5582; 2 prominent adambulacral plates. 
and between them a “nonprominent” plate, XxX 8. 3a. Same, 
station 5607 ; 3 “ prominent ” and 2 nonprominent plates ; a nonpromi- 
nent plate, and a prominent plate without spines, * 8S. P. 480. 

4. Zoroaster microporus, type; the furrow projection of a prominent plate 
from the adoral side, showing 3 furrow spines. 4a. Same; a ‘ promi- 
nent” and a “ nonprominent”’ plate, actinal view, < 8. P. 475. 
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PrEATiOM so: 


Fria. 1. Bythiolophus acanthinus, type; abactinal plates and on the left, 3 series 
of lateral plates; ¢, carinal or radial series; s, superomarginal plates ; 
the spines have all been removed, X 4.) la. Same; 3 adambulacral 
plates, from proximal third of the ray, * 9.6; on the right 2 lateral 
spines of the lowermost series are shown. 1b. Same; a pedicellaria 
from an adambulacral spine, enlarged. le. Same; cross section of a 
ray X 8.2; ¢, carinal plates; s, superomarginal plates; i, inferomargi- 
nal plates; sa, Superambulacral plates. P. 484. 

2. Zoroaster ophiactis, type; 2 adambulacral plates, xX 8. 2a. Same, 
station 5684, specimen with R=120 mm.; 2 adambulacral plates. 


2b. Same, type; side view of ray showing spines and pedicellariae, 
* 8; 1 large spine is shown from each of the 5 lowest tiers of lateral 
plates, near base of ray. P. 478. 

3. Zoroaster carinatus  philippinensis, type: 2 adambulacral plates; 
the adoral side is below; XS. 3a. Same, type; profile view from 
adoral side of a prominent adambulacral plate, * 8S. DP. 477. 

4. Coronaster volsellatus ; major pedicellaria, length about 1.75 mm., * 20 
4a. Same; another view of a major pediceliaria. P. 496. 

5. Coronaster halicepus, type; a major pedicellaria, length about 1.5 
mm., X 20. 5a. Same; profile view of a major pedicellaria, X 20. 
P. 497. 
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PLATE 136. 


ig. 1. Zoroaster ophiactis, type; the longest ray reaches to lower right corner 
of plate, p. 473. 
2. Zoroaster microporus, type; a mutilated ray on the right side has the 
plates denuded, p. 475. 
6S3 


PrAtE 13%. 


Zoroaster carinatus philippinensis, abactinal view of the type (largest) and 
2 partly grown specimens, reduced, p. 477. 
GOS4 
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PLATE 188. 
Cnemidaster wyvillii, abactinal aspect. 
Fic. 1. Immature specimen, p. 480, 


2. Mature specimen. 
5. Disk of 1, considerably enlarged. 


* 
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irc. 


NE 


Co 


4. Zoroaster microporus ; portion of 


Bythiolophus acanuthinus ; abactinal aspect of type, enlarged, p. 


PLATE 139. 


485. 


Same; portion of actinal surface of type, enlarged, p. 485. 
Zoroaster ophiactis; portion of actinal surface of type, enlarged, p. 475. 
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larged, p. 475. 


actinal surface of type, slightly en- 
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PLATE 140. 


Coronaster halicepus; disk and 4 rays of type, p. 497. 
GST 


PLATE 141. 


hie. 1. Tarsaster distichopus,; abactinal view of type, enlarged, p. 490. 
2. Distolasterias hypacanthus ; abactinal view of cotype, p. 487. 
vb. Same; actinal view of type. 
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PLATE 142. 


lie. 1. Odinia penichra, type; abactinal view enlarged; side view of terminal 
portion of ray on the right, p. 505, 
2. Pedicellaster chirophorus, type; abactinal aspect, enlarged, p. 499. 
GSD 


PLATE 148. 


ia. 1. Odinia magister, type; abactinal aspect of ray, reduced, p. 507. 
2. Same; lateral aspect of ray. A piece of black paper has been placed 
back of 2 lateral combs, 
» 


3. Craterobrisinga eucoryne, type; lateral view of ray, p. 514. 
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PLATE 144. 


Fia. 1. Freyellaster spatulifer: type, enlarged, p. 538. 
2. Odinia magister; side view of ray, enlarged, p. 507. 
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Brisinga trachydisca: abactinal view o vy} 
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PuateE 146. 


Brisingenes anchista; abactinal view of type, reduced, p. 521. 
693. 


Prate 147, 


Fias. 1,2. <Astrostephane moluccana; abactinal view of costal region of a ray and 
disk of the type, p. 526. 
3, 4, 5. Brisingenes mimica; the disk, and 2 rays cf the type, p. 518. 
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PLATE 148. 


Fras. 1, 2,3, Astrostephane acanthogenys; type. Fig. 1 is much enlarged, p. 528. 
4,5,6. Craterobrisinga eucoryne; disk and 2 rays of type, p. 514. 


5 
iC 


, 8. Craterobrisinga analoga; disk and ray of type, p. 516. 
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PLATE 149. 


Enlarged details of rays. 
Fie. 1. Craterobrisinga analoga; side view, D- ol: 
2. Craterobrisinga eucoryne; side view, p. 514. 


3. Astrostephane moluccana, p. 526. 
4. Brisingenes mimica, p. 518. 
5. Brisinga trachydisca, p. 510, 
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PLATE 150. 
Stegnobrisinga placoderma, type. 


ig. 1. Enlarged view of a portion of the costal region of a dried ray, p. 581, 
2. Abactinal view, reduced. 
697 


PrAtE 151. 


Iie. 1. Coronaster halicepus, type; an inferomarginal spine, and 5 adambu- 
lacral plates, showing major and minor pedicellariae, X 6.5. 1a. 
Same; mouth plates; 2 large major pedicellariae are attached on the 
middle of the actinostomial margin; * 6.5. 1b. Same; a pedicellaria 
Qength, 1.25 mm.) from adambulacral plate, X 40. le. Same; a 
pedicellaria (length, 0.58 mm.) from a superomarginal spine, X 60 
(compare with 2, 2a). 1d. Same; a pedicellaria from skin of side wall 
of ray. P. 497. 

2, 2a. Coronaster volsellatus, station 5391; pedicellariae from marginal 
spines (length, 0.45 mm.), * 60. 2b. Same; large pedicellaria from 
adambulacral plate, * 40 (compare with 16). 2e. Same; pedicellaria 
from skin of side of ray (Compare with 1d). P. 496. 

3. Odinia penichra, type; thirteenth to fifteenth adambulacral plates, 
costal region, X S; one lateral spine and plate are shown. P. 505. 

3a. Same; articulating surface of ambulacral plates of disk, where ray has 
been broken off, * 8. 36. Same; mouth plates and first pair of 
adambulacrals, 8. 8c. Same; pedicellaria (length, 0.25 mm.) 
from small furrow spine, near base of ray, 160. 

4. Odinia magister, type; a pedicellaria from a subambulacral spine 
(length, 0.13 mm.), X 200. P. 507. 

5. Distolasterias hypacantha, type; major pedicellaria (length, 1.25 mm.) 
from dorsal integument, * 40. 5a. Same; pedicellaria from dorsal 
spine (length, 0.86 mm.), * 80. P. 487. 
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PLATE 152. 


Fie. 1, Brisinga trachydisea, station 5487; articulating surface of ambulacral 
plates of disk, where ray has been broken off, * 5. Ja. Same; a 
pedicellaria from a small adambulacral spine, * 120. 1b. Same; 
mouth plates, X 5; only 1 of the suboral spines shown. le. Same, 
type; adambulacral plates from middle of costal region, * 5; 1 
lateral spine is shown. P. 510. 

2. Odinia pacifica, Hawaiian Islands; articulating surface of adambulacral 
plates at base of ray, where it has been detached from disk, for com- 
parison with 3a; X 5. P. 509. 

8. Odinia magister, type; side view of ray at end of the papular region to 
show the comb of spines (only one comb shown), the adambulacral 
spines, and the cushions of pedicellariae, * 2.5, The sacculi are shown 
extending their full length beyond the tips of the laterial spines proper ; 
in life they are undoubtedly much longer. 8a. Same; articulating 
surface of the adambulacral plates at base of ray, for Comparison with 
fig. 2; * 2.5. Ordinarily the opposite facet, that of the disk, has been 
figured, but the disk is wanting in the type. P. 507. 

4. Brisingenes mimica, type; a pedicellaria from disk (length, 0.45 mm.) 
x 80. 4a. Same; base of the blade of a disk pedicellaria further 
enlarged. 4b. Same; a pedicellaria from a furrow spinelet (length, 
0.42 mm.), X 80. 4c. Same; end of blade of furrow pedicellaria, 
enlarged, 4d. Same; a pedicellaria from an oral spine at mouth of 
furrow (length, 0.56 mm.), X 80. 4e. Same; adambulacral plates. 
4f. Same; articulating surface of ambulacral plates of disk, where 
ray has been broken off. P. 518. 
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PLATE 153. 


Fie. 1. Astrostephane acanthogenys, type; 2 adambulacral plates from the costal 
area; X 5. la. Same; a lateral spine, same scale as fig. 1, from the 
end of the costal area, x 5. 1b. Same; mouth plates showing the 2 
suboral spines of each; one spine removed from left plate; X 5. le. 
Same; articulating surface of ambulacral and adambulacral plates 
where ray has been broken from disk; this is the distal face of the 
plates, * 5. 1d. Same; a pedicellaria (length, 0.109 mm.) from one 

of the furrow spinelets, X 200. P. 528. 
2. Stegnobrisinga placoderma, type; mouth plates and 2 adjacent adambu- 
lacrals, X 5. 2a. Same; end of one of the subambulacral spines show- 
ing the sheath of pedicellariae, XK 5. 2b. Same; 2 adambulacral 


plates from the costal region, * 5. 2c¢. Same; a pedicellaria from a 
furrow spinelet (length, 0.45 mm.), * 60. 2d. Same; articulating sur- 
face (distal) of ambulacral and adambulacral plates as seen on 
periphery of disk after removal of ray, X 5. P. 581. 

3. Brisingenes anchista, type; pedicellaria from a subambulacral spine 
(length, 0.22 mm.), * 80. 8a. Same; a pedicellaria from disk (length, 
0.27 mm.), X SO. 8b. Same; pedicellaria from a lateral oral spine 
(length, 0.40), xX SO. 3c. Same, station 5648; mouth plates, X 5, 
showing the common sacculus of the 2 suboral spines. 3d. Same; 

ae 


pedicellaria (length, 0.27 mm.) from a furrow spinelet, X 80. P. 521. 
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PLATE 154. 


Fig. 1. Craterobrisinga eucoryne;: 2 adambulacral plates from outer third of 
costal area; the proximal plate with sheath of pedicellariae shown 
on the 2 proximal furrow spinelets and on the larger subambulacral 
spine, * 5. Ja. Same; fifth adambulacral plate, showing the special- 
ized subambulacral spines, * 5. 1b. Same; mouth plates, * 5. Ie. 
Same, a suboral spine from another specimen with the sac- 
culus of pedicellariae, * 5. Jd. Same; a pedicellaria (length, 0.21 
mm.) from a furrow spinelet, * 160. le. Same; distal articulating 
surface of ambulacral and adambulacral plates as seen on periphery 
a disk after removal of ray, * 5; to the left an interradial plate has 
been shown (int.). P. 514. 

2. Astrostephane moluccana ; same view as le, without an intermediate plate, 
xX 5. 2a. Same; 2 adambulacral plates, middle of costal area, xX 5. 
2b. Same; mouth plates, showing the suboral spine bent toward the 
actinostome, X 5.6. 2c. Same; a suboral spine from the side, * 5.6. 2d. 
Same; tip of pedicellaria (2e) showing inside of jaw. 2e. Same; a 
pedicellaria from a furrow spinelet (length, 0.15 mm.), K 160. P. 526. 

3. Freyellaster spatulifer, type; mouth plates and adjacent pair of adambu- 
lacrals, showing variation in the form of the first subambulacral spines 
and the bifid suboral, * 9.6. P. 588. 

4. Brisingenes anchista; distal articulating surface of ambulacral and 
adambulacral plates as seen on the periphery of disk after removal 
of ray; on the right 2 adambulacrals of adjacent rays are shown. 
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evellaster spatulifer, type; distal articulating surface of ambulacral 
and adambulacral plates, as seen on the periphery of disk after re- 
moval of ray; on the right 2 adambulacrals of adjacent rays are 
shown, X 8S. la. Same; fourteenth and fifteenth adambulacral plates, 
x 9.6. 1b, 1e. Same; third and sixth subambulacral spines, * 9.6. 1d, 
le, 1f. Same; end of a sixth, and the ninth and eleventh subambulae- 
ral spines, * 9.6. 1g. Same; a pedicellaria (length, 0.038 mm.) from a 
lateral spine, X 400. 1h. Same; a pedicellaria from the larger, aboral 
furrow spine (sixth, 0.33 mm.), X 120. 1i. Same; tips of jaws of 1h, 
showing about three-fourths of their breadth. P. 538. 


diccellaster chirophorus, type; second and third adambulacral plates, 


showing the 3 spines which occur on the first few plates of each series 
(2 on the others) and one of the large “ cat-claw ” pedicellariae at- 
tached to outer end of plate; * 16. 2a. Same; a few plates of the 
side of ray, near base; s, superomarginal; 7, inferomarginal; «act., 
outer series of actinal intermediate plates; & 8. 2b. Same; one of 
the minor pedicellariae enlarged SO times. P. 499. 

rsaster distichopus, type; plates of the ray from the adambulacral 
(@) to midradial series (top) shown as if wall of the ray were spread 
out flat; 7, inferomarginal; s, superomarginal; 7, midradial series ; 
the 2 series of dorsolateral plates and connectives are shown between 
the superomarginals and radials. Taken at about the middle of ray, 
x 8. Ba. Same; adambulacral and inferomarginal armature, at end 
of the proximal third of ray, X 8. 3b. Same; an unguiculate, for- 
ficiform pediceHaria from an adambulacral plate, * about 382. 3e. 
Same; one of the forcipiform pedicellariae, X SO. P. 490. 
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PLATE 156. 


These figures are intended to show some of the characters upon which several 
new genera of Brisingidae have been based. See the synopsis, p. 501. 


Vic. 1. Brisinga trachydisca; actinal view of adambulacral (@), marginal (im), 
and mouth (0) plates, * 8. la. Same; lateral view of plates of inter- 
brachial angle after removal of rays; i, interradial plate; am, ambu- 
lacral plate; others as in Fig. 1. P. 510. 

2. Astrostephane moluccana; actinal view of adambulacral( @) and mouth 
(0) plates, * 8. 2a. Same; lateral view of plates of interbrachia! 
angle after removal of rays; i, interradial plate; m, marginal plates; 
am, wnbulacral plates; a, adambulacral plates. P. 526. 

d. Brisingella fragilis; actinal view of marginal, adambulacral, and mouth 
plates, X 8; lettering as in fig. 1. 3a. Same; lateral view of plates 
of interbrachial angle, * S; only the articular surface of the mar- 
ginal and adambulacral plates is stippled; side of interradial plate is 
stippled to show prominence; lettering as in 2a. P. 524. 

. Freyella microplar; lateral view of plates of interbrachial angle, 
* §; lettering as in 2a. Only the surface of the interradial and oral 
plates is stippled; note absence of marginal plates. For description 
of this species see Fisher, 1917f, p. 430. 
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The following index contains the names of the families, genera, species, and subspecies of Asteroidea 
which occurin this memoir. Two kinds of type are used for the names, roman and italic; the former inci- 


eates valid names, the latter synonyms. 


But when a species name follows a genus name that is a synonym 


of another genus name, the species name of the combination is italicized, although the species name 


may be valid. 
species occurs. 


The heavy-faced type indicates the page upon which the description, or chief citation of the 
The names occurring in the account of the distribution of species, pages 5 to 16, those cited 


in the list of dredging stations, and those in the explanation of plates have not been indexed. 
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